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PREFACE. 

T he receni changes in the methods of toaohing EIoiaoii> 
tary Mathomaliics (so largely duo to tlio goniua ol 
Prof, Perry) have consiclembly affocbod Plano Tngonoino try. 
Students are expected to have a good jjTctoi'iccil nuo'vvledj^o 
of the subject^ while great skill in the solution of artificnil 
problems and identities has ceased to bo rogardocl as fcho mm 
and object of the subject 

Tins book has been written with a view to tlieso olimigcm 
and to supply the need felt for a School Trigonometry based 
on the use of JPottr Figure Logarithms^ in wnloli LogarifchmBj 
the Solution of Triangles and the more practical parts of tJio 
subject are introduced aa early as possible. For this reasnu 
the expansions of sin (AH- B), etc/ and harder idontitios uro 
deferred until after the Solution of Triangles, Heights and 
Distances, etc, ^ % 

Seeing that incommensurable quauti ties, are now omitted 
in Elementary Geometry and consequently no difficulty is « 
found with the various theorems relating to arcs and Hectors 
of circles, it has been thought advisable to placo tho Oirqular 
Measurement of Anglos immediately after tho meaaurGniont 
in degrees, etc. 

Qraphioal Methods and Squared Paper are largely em- 
ployed in tho approximalion to trigonomotvical ratios of 
a given angle, in linding angles from given ratios, in the 
variations of trigonometrical expressions and logarithma^ 
Students are advised always to oheoh bUoir rosulta iu idle 
Solution of Triangles, Heights and Distances, etc., by drawing 
figures to scale, 

Tho more theoretioal^ux^B are treated with fuluoss for tlu> 
benefit of those intending to proceed to higlier branches of 
mathematics. 

Part I inoludes Solution of Triangloe, Hoighta And 
DiatanoGB, and Functions of Oompouncl Anglos, and 1« 
sufficient for the Oxford and Oumbridgo Junior' Looal, 
Mathematics I of the Woolwich and »Sandhursb ISxamk 
nation, etc. It contains over 1200 oxamplos, . .. 
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Purl fl tuinlftiiiH f’luipiriH mii 111* M»»ivn V tU* 

l'lx]\miDiit-ial ^riiunmin and iIm* nximnNimi i4 m\ auA 0 
iu LoniiH lit 0, nloy 

OinHidmibln mh> lutvH lif'rii j^ivt^n !-«» nf 

oxiiiiipluH, inuiij of \vliM*h jin* Inkrn ftoni n ^'nui Aniiy and 
Navy PIn(mn<ui and Mm vaiiniiH ( ’nnibiid^^*^ K\rn*nT».an^n«. 

An H|>|KMidix nil tin* N/iWf? Ifah will li*^ ftnind inH lnl for 
HtiuluntH prnpHving fnr tim Mnlnmro to Woid 

^vinlt untl iSandluuHU 

■It. in linpi'il that) ttm nf Tr-}^f ulmii lu^x* 

vnry mu<*rnlly |(nnlnaM*d in lii, in uiili tin* n! 

diapUn w in l lio hnnk, will pinvo iiHnfiil for rmiadmr Hnrdrr 
(jun^tiniiH will III* fnniifi in tin* Mianfdlnnnnsm K?sf«iuplm» 

TliiM?Xiini|ilnn linvn nil linen Vinilintl fr*»m UmjmHd 
nnd it \h Jio|:ie(l timb vmy fnw arrnnt mrtniin ; in flir* \m-^' ut 
four fignrd tabbw, unnwi^m vary nHjjIUly nwirilitig in 
liradfiO method of working; 0 * 1 /, log 4 in mi mnnly iln> ?5^iinn> 
n^2lag2; Kimh vitriutu»n« tmm nhinlly in s^ohiii]^ Urni^lm 
wlicai (.lunro mo Hovoml forninlim «|i|ihViililo; ihrHiuiln^^diavr? 
Jti many oiusoa indinuUMi wliinli furmiikM^ Iki Ui 

qbMn bha anawam in Uiu bunk. 

Tlio authnra winh to t*xpiw?i ilniir gralilinbi ktr many 
BUggoaliionR rotioivod from Air T. of diidUTidnnn 

Golrngu. 
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CHAPTER L 


MISASUllEMKNT OF ANGLES/ 


■ 1 .. 


1 . Txnu Htuclont; i« expected to bo lixmiliar with Lho 
definitibbs amt explanations of an angle and a right angle 
MS foilhcl in oixlinary geometrical text-books, . .. 




. 3 . The following slight extensions occur in Tr igonomo'^f^i 

Lot a lino OP the point O so that tlf| 

point P traces otiF a circle, the r S 

direction of rotation being that ? 
shown in the figure, ie. counter” y\ ^ ... 

olockwiso, Lot OA bo the position / 
from which OP starts to, revolve; / : 

When in the position OPi'tho . [ — " 
angle described by OP may bo \ 
cither PjOA or PiOA-haiy mul- \ 
liple of 4 right angles, for OP \ / 

might revolve an^y: number of times 
in a complete c^lo before finally ” f ; : . 

taking up the position OP,. , y; y I iJ' 


Mm 




,.. In the po^dtions OP*, OPj, and OP 4 the angle! 

' shown in tHo figure or these angles + any multiple of 4 
angles,, 

If bp ^yoivSd.vih the oppSsito direction to OP/4l|ii 


i tlib '.angle .'.sPjbA, would a' hogaiiivo angle and .'tMJ k&M 




2 KLEMENTABY TBiaONOAIETBY [ClJAl. 

8.,,’ri.0 geomefcnc<a unit is a right aiiglo, bub m 
'riigorlometry this is subdivided. 

Isb method. * 

a right angle ia divided into 90 equal parts called 

n.depo« „ „ 60 

a minute „ „ >> ” 

Thus i right angle ■=* 90° (degrees) 
j^o s 60' (minutes) 

= 60" (seconds). 

ttUllThis is called ke English or Sexagesimal method and in 
universally employed. 

^^Wl^^thod. ,, , , 

f a right angle is divided into 100 equal parts called arados 

, MinutoH 

socoud.' 

m minute „ „ » » » 

Thirs 1 right anglo ■= 10^ (graces) 

•. ' 1 grade ' = IGO^' (minutes) 

1 minute 100" (seconds). 

This is called the French or Centesimal method and is 
never employed in practice. 

Rule. To convert Sexagesimal into Oontosimalinoasuro 

or vice versa, express the anglo as a decimal of a right ang o, 
then reduce to the now measure. (See examples 5 ana o.) 

EXAMPLES. 

Bx. 1. Iteduce 31° 13' 5" to Boconcls, 

.f- 21° 13' 5" ■. . . . 

60 

i 1273 minutes 

St'. ' ^ 60 ■ • TiK-:: ■ 

secondy. 


AfEASUHEMEN'r OF ANGLES' 


EXi 2 1 lleduoo 82097" to dogrcos, otc. 
60 [ 82097" _ 
oo'ilW'i?" 


22“ 48' 17" 


Ex. 3. lleduco 21* 13' 6" to aontOBiiuiil hcooikIh. 

Sinoo tho system is a decimal system the answei' oim !)0 
written down at sight: 

21* 13' 5" = 21* 13' 09"=. 211306". 


Ex. 4. llocluoe 320827" to Grades, oto. 

320827" = 32*: 08' 27" = 82* 8' 27", 


Ex. 5. Convert 64° 11' 33" to Oentosimal moasuro. 


60 

60 

90 


3 3" 

^'•66 

64°T92B 

• ■*’71329 right angle. 


if . 

/{'IV:'"' 


^Ina. 71* 32' 60". 


Ex. 6. Convert 64* 1 1' 33"' to Sexagesimal measure, 
Tho angle = ’641 133 of a right angle 

90 ' • . 

67“-7'0197 . 

60 ' 






42' ’1182 
60 • 


.7"’092. 
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EXAMrLEB ]. 

1 . Convofb to minutes 

rf 12'; 00° 28'; 132° 52'. 

2. Convert to seconds 

12° 13' 8''; 48° 37' 20"; 105° 24' 31". 

3. Oonvorb to centesimal minutes 

D«12'; GOKD'i 132*08'. 

4. Oonvorb to contosimiil seconds 

12* 13' 8'; 54* 92' 94"; il'2« 2' 4". 

Convert to centesimal measure 

5. 6° 18'; 18° 27'; 57° 19''8. 

6. 30° 46' 48"; 63° 39' 35"; 35° 10' 30". 

Convert to sexagtisimal moiusure 

7. 5*19'; 17*23'; 66* 22'. 

8. 31* 47' 41"; 04* 3' 5"; 79* 91' T'. 
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'!rako any two cirolea radii R and r and place tlioni m tliat 
thej^ have the same centre O. 

Divide the circles into n equal 
sectors by the lines OaA, OiB, 

OcO, etc, Join a6, cd.,, and 

AB, BC, CD..,, wo then havo 2 
regular polygons of 71 sides in- 
scribed in the circles. 

Perimeter of outer polygon 
Perimo tcr of inner polygon 

gfc.AB^AB^R 
71 . ai) ab r 
since ab and AB are paralleL 

If 71 becomes indefinitely great and consequently 
AB, BO, OD,., and a6, ho, cd.., indofinitoly small, the 
perimeters of the polygons become the circumferencGs of 
the circles ; 

^ oircumfer^ce o^outer circle _ R _ diam. of o uter cir cle 
circumference of inner circlo ^ r ” diatti. of inner circle* 



Ilonce 


circumference of any circle 

— ^ ^ ^ ^ constant raiiio, 

diameter of tliat circle 


Tliis constant ratio is an incommonsurablo number and 
is denoted by tt. 

circumference of a circle = tt. D « SSTrr, 

N.B, TT == 8-1416 approx. 

=2 roughly, \’ 


6 EL15MENTARV TUTGONOMF/rilY [OTfAP. 

6. The above result may bo experimentally vorlficd 
thus : 

(i) Find the diamebers of various coins by placing thorn 
between three rectangular bloclcs os 
in the figure. 

(ii) Find tlio circumferences 
(tt) with cotton 

or (b) by making a small blot of 
ink on the rim of the coin, rolling it 
down a piece of cardboard and measuring the diabance 
between two consecutive blots. 

6,*^ Theorem, 

In any circle ce^iire O sup- 
pose an arc AP tahm whose Imgth 
=5 the radius. 

The angle POA is constant for 
all circles. 

Draw OB porpendicular to OA. 

Then 

p 6 A _ arc PA 
BOA^^ircBA 

— radiua Q A 

~ one quarter of circumference 27 r?’ 


A 2 

.** POA ^ of a right angle ~ a constant 
ISO" 180" 

^ — --- -- - 57 17 44 approx 

TT 31416 

This constant angle is called a Radian, 


B 



■tn^ 

a 
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T 2 

I Radian = — of a right angle, 

/, TT rndinns — 2 right angles 
- 180". 

I)ef. The angle subtended at tlio ceritro nf a circlo 
by an arc equal in length to the radius is called a liadian, 

Dkf. ^The Giroidar Measure of an angle is tlio numbor 
of radians it contains. 

N.B. The ratio of one angle to another is the same 
whatever the units used. 

• ^^<3grees in an angle _ no. of grades in same angle 

^)0 - 

no, of radians 

TT 

2 

Ex» I, (Jonvort ^ radians to soxagosiiiml iiioamivo. 

IT radians = 180'’, 

, TT 180" 

* * 12 ^'^^dians = = 15 . 


Ex. 2. Convert 1*76 radians to soxiigcsiiiial iiioaHuro, 
TT radians 180°, 

, -I r 180 

TT 

1 80" 

♦\ 1*7(1 radians^ x 1*70 

TT 

7 X 180 , 

~ „„ X 1*70 approx, 

=5 100° *8 approx. 

. l<"or gimtor accuracy tt should he taken as 3*1410. 


Ex, 3, Convert 04" 11' 33" to circular inoosuro, 
GO ^3^ 

00 IV *55 

(irao25. 



KT.BMKNTAUY TIUGONOMETllY [niTAP. 

Now 180 ° = 7 r rocliana, 

64°-192r) = X 64-1925 mdians 

gg— X 64-1925 nuIituiH nppi-ox. 

“ 1-1204 nidiana approx, 

2 ^ 

[or laorn roughly.^ ^ x 84-1925 radian.i 
1-1208 i-nfliana]. 


KXAMPLlilS 1;T. 
Express ill (l(!gv(-(!s, using tt : 


1. 

TT 

2 

mdiaiift, 

0, 

^ racliiuiM, 

i) 

2, 

IT 

3 

n 

10. 

3Tr 

T 

jj 

3, 

TT 

4 

>> 

ll. 

Htt 

M 

» 


TT 

5 


12. 

8‘8 

ti 

5. 

TT 

6 


13. 

1*65 

)) 

G. 

TT 

7 


14. 

0*22 

)) 

7.. 

TT 

8 

>) 

If). 

M 

)) 


TT 

9 


Ifi, 

0*060 

i} 


J'lxpress ill circular measui-o as fraobioiis of w! 

17. 15°. 18. 18°. 19. 30°. 20. 36°. 

21. 45°. 22. 54°. 23. C0°. 24. 7.6°! 

26. 90°. 26. 120°. 27. 1.3.5°. 28. 180°. 
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Ootivcirt to oimiliir jnc^jumro, iiKiiig tt v; and worlciiig to 

'!■ phiwirt ; 

20. r)“12'j 17"a3'j 82" 

30. 4^*2'; :ur24'j 78" 20'. 

3L Ex])I’osh in dn^roos an<l in riuliaim tim jingln in a rc\gular 
figui’o of 3, i, 5, 0, or 8 

32. Two angUm aro mvM that fchoir diflnroiioo i.s 20° and 

thcnr Huiii it radiauH, Hnil tim aiighw in and radians 

33. In a trianglo ono angle in 30" and anoMu^r , iind the 
tliird angle in (h^grncjs, and radians 


34 . An angle <!on tains as sexagosinial in inn ton nr 2/ radians, 
nnd tlie ratio fi) : y, and hoiuse Htato tlu^ nudtiplicn' lu^ooHsaiy to 
convert nidinns into mixag(?«iinal minutes j imo tt ^ -'y* . 

7 , Theorem, 

The (^ivcular moasuro of an angle 
Tlio mo wliioli tlio anglo HiihtoiMln wlien at tho (Mmire of any eiiolo 
Tho iiuiiiu) of that oiiolu 


Lot AOP h) any angle an<l 
AOB a radian, 

Tluai (drenlar nujasuro of AOP 

a6p 


AOB 
aro AP 
"^*aro AB 
H i o A^ 
j’mliUH 


(d(d’ Art. fl) 



Henujo if an are of any oirele radiuH q* Hiihtnnd.H an angle 
0 ra<lianH at tlie centre 

arc S 3 vO. 


^rhis agi’ 0 ( 5 H with the n^sidt ohtainofl in Art, 4 , for 
|nit(ing 


(ilnininhn’ointn - r . Svr 
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8. ^To find the area of a circle and of the sector 
of a circle. 

Inscribe a regular 
ABCD... in the circle. Biuw ON 
jjerpendicular to AB. 

Area of the polygon 

= AAOB+ AB0C+ 

==4^.0N.(AB + BC + ) 

= ^ . ON . perimeter of polygon. 

When the number of the sides 
is indefinitely increased 

ON becomes the radius, 
th^ perimeter becomes the cironmfbronnc, 
the area of polygon becomes the area (»f the c.irclo, 

. ■ . area of circle = J . ?• . Stt?* 

^■Trr®. 

9, If AOB is a sector containing 
an angle 6 radians, 

area of sector ^ 

area of circle 27r* 
area of sector _ 0 \ 

TT?’® 27r^ 

. \ area of sector = ^ 

Ex- 1. Calculate tho number of cb^grooa Huht(m<l(ul at Ibn 
centre of a circle of radius 6 continictrcs by an /tre 1) ccnl-iiuctrtiH 
long. 

arc = rO) 

9 = 6^, 
or 

Now ?r radians == 180“, 

. . 1- ISO 3“ 

TT 2 

180x3x7'’ 

22^x'2*"^ 
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Ex. 2. 8h(>\v tliat if an object of height h at (liHtiinee tt 

from the observer subtends a small angle A dogretja at his positioti, 


then roughly A = 


iKil 


Use this to find tho height of a tower whioli Huhtomla ilii 
angle of 9“ at a point 170 yards 
away. 

Xiet BO bo tho object and O 
tho observer. 

Draw a circle with centre 0 
and radius OB meeting OC produced in A. 

I'f h is small in comparison with thou C is nearly coiiuufloiil 
with A. 

A = arcAB (approx.) 

T=:O^,0^d0 (approx.). 



Now 


, 180 d 

angle BOA “A = 


» 


. 7 (ZAtt 
••^‘==180 
22(?A 
“^rxl80 

lioiglit of towoi-=-^--|~ y<la. iO-7 yd«. (iipprc>x.). 


EXAMPLES m. 

[Assume 

1, I'ind tho circumforoiico of a oirclo whose radivm is H oihMi 

2, If tho ciroumforonco of a circlo moaHuros HO oms,, what Sm 
tho length of tho radius? 

3, A wheel malces 20 revolutions per bocojuI^ how long will 
it take to turn ihrough 10^* and 10 radians? 



12 KLEMKNTAIIY TlUaONOMKTRY [nTIAl*. 

4. A water-tube boiler has 350 tutes of 2-5 
cltameter, and the lengtli of eaeh tube i» 8 feet. l'»id J “ 
heating surface {U. interior surface) of the tubes “ 

(Area of curved surface of cylinder - inrl, whcco r is llio inihus 

and I the length.) 

6. Find the circular measure of an angio flulihmilod at I, ho 
centi'o of a circle of nidius 4 Inches by an arc Id mclies long. 

6. Calculate the number of degrees subtended at tlio oontro 
of a circle of radius 6 centimetres by an arc 1) oontimeti'os long. 

7. An angle whose circular measure is -52 is subtcuulod at 
the centre of a circle by an arc 5 iiichos long ; whiit iw tlin 
radius ? 

8. Find the radius of a circle in wliicli an anj of H iiiclioM 
subtends an angle of 25° at tho coiitro* 

9. What is the length of tho arc of a circle of radiuH 2 nndinui 
Tivliich subtends an angle of 32“ at tlio centre? 


10. Find the length of tho arc of a civclo wliioh subtcuulri an 
angle whose circular measure is ’035 at the centre of ii cirel<^ of 
radius 6 centimetres. 

11, Assuming that the z’adius of tho earth is 4000 iiiilcH, 
find the distance on the surface between two piaoos eu tlie same 
meridian the difTereaoe of whose latitudo is 22“* AllH^Y(U’ to tlui 
nearest mile. 


12. A pendulum 8 foot long oscillates tln*ougli an angle ot 
0“ ; what is the length of thepatli its extremity tlcseribc^H betwuiin 
tho extreme positions? 

A 13. If the sun is 92,000,000 miles away and its dianinter 
, subtends an angle of 32' at tho earth, find roughly the diaiimhu' 
/ of the sun to the nearest 100 miles, 

i Given that tho moon^s moan angular diameter in 31' and 

. that it is 240,000 miles away, find its aotual diarnotor to the 
nearest mile. 

wliioh ia 4400 foot liigli, HubtimilH an 
angle ot 8 afc Banavio, wlint, i.H a|)|.u‘nxiimi(.(i1y i(.H ilmfiiiian awayV 
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IG. 


Cl i von tluib 


clistiuioo of Mars from Hun 
clistauco of Jflarlih from Hun 


r= l-52, tliab 


juunodio bimo of blio ISarth ia 3GC days and of Mara 687 (ljty«+i 
Ihid tlm ratio of thoir epcods, assuming that thoy d(iH(iriln» 


circular orbits. 


rl7. If Koptiino dosoribos a circular orbit of radius 27 x 
' miles round the sun in IGf) years, find the number of imib^H lu’ 
:• goes per hour. Answer to tho nearest mile. 


18. Find the area of a oiredo whoso radius is 3 contimotn^x- 

10. Tlio area of a circlo is 154- aq, inohos, find tho ludluH, 

20. Find tho aim of tho sector of a circlo wlioso mcUiin in 
6 foot and angle 25°, 

21. X^'ind tlio area of ilio sector of a circle when thu ruilhn^ 
is 4 f(u\b, and tlio angle contains 1*5 radians. 

22. Tho area of a circle is 154 sq. metres j find tlio loiiytli 
of the ?iro wliioh subtends an angle of 50° at the centro. 

23. Tho circumference of a circle is CG inoluis; find tlio iiiMUir- 

24. Tho perimeter of a semicircle is 10 feet; find tbo nroii* 
of a sector subtending an angle of 45° at the centre. 

25. Find tlie area of a sector of a circle whioli has an 
of 2 nidiaus and an arc of 10 inohos, 

26. A man standing beside one milestone on astraigliti voitcli 
observes that the foot of the next milestone is on a lovol ^vil-li 
his eyes, and that its height subtends an angle of 2' 55'^ F'iiitl 
tho approximate lioight of the milestono. 

27. Tho sun is 93 million miles distant, and subtoudn mx 
angle of '00932 radians. Find its diamotor. 

28. A circular wire of 3 inohos radius is out, and thiui 

so as to lie along the oiroumforenco of a hoop whoso rndum i m 
4 feet. Find tho angle which it subtends at tho centro of llui 
lioop, 

29. Four equal circles arc placed so that each ono touolmH 
two others: if tho area between them is^^sq. inches^ ^vhaU ih 
tho length of the common radius 1 


GHAPTEK 11. 

TKIGONOJMKTRICAli 

lO,^ Ix tliis chapter avo .sluill uohIo^ 

only. The extension to other angles will he given in 
Chapter VL 

Let AOB bo an angle; if a point P bo 
taken in one of the bounding lincjs of tlio 
angle and from it a perpendicular PM ba 
drawn to the other bounding lino (pro- 
duced if necessary), then in the right- 
angled triangle so formed, 

M P / ^ ojpoBi^oX ^ of AOB = Bln a, 

OP \ hypoteuuHo J 

= “4J25^’^“)=cosinoofAOB== COB a 
OP V hypotonuBO / 

of AO B « 00800 a, 

m ( ° SSS) = of AO B =. BOO a, 

^ (=o- Sth“£ ) = cotangont of AOB « cot a. 

1 — sin a =: coversod siiio of a 0(ivorri 
1 — cos a = versed sine of « «== vcjrs a. 



] 


THlOONOMKTllICAr, llATIOS 


15 


'J. lioao I'tiUua iiro itulupoiidctik of tho position of the 
^ ; for if any other point P' ho 
rti OB 

M'P' MP 
OP' ” OP’ 

OM' OM 
OF” OP’ 

M'P'__ MP 
OM' d M ' 

Lu trlangluH 0 PM ami OP'M' aro similan ' 

abrivo rosiil(»« may bo verified by actual iuca,suremeiil>. 

Since tlio hypoljonuwo is tho groatest side of a 
iglc^l ti’ianglo, it follows that 

siu a 1 , 

cos a :]> 1 , 

C08CC a ^1, 

HOC a <{: h 



iilXAMPLlilS IV. 

.Lf tho two KuIoH AC aiicl CB of a right-angled trial igle aro 
r< 5 Hi>eotivcly, find tho vahios of tan B, soo A, cosoo A, 

Qivou that one ^do BC of a righb-anglGcl triangle ia 2 and 
otonuHO AB is Vlt), find tho values of AC, cob A, sin B, 

If tlio hypotonuBO AB of a right-angled brianglo is 16 
troft, and tho sido BO is 6 con time tros, find tlio valuoa of; 
>s B, tan A, tan B, sin A, sin B. 

it ooimootioii do you notice botwooii sin A and oos B 1 
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4. The two sifl(!S BC ftiirl AO o£ ft riglit-iiiigl(!<l triaiiglo urn 
5 and 12 inches respectively. Find tlio valutss of tlio liypote.nu.e 
tiiii B, cot a, sec B, cos A. 

What connection do yoti notice between the tangent of an 
angle and .the cotangent of the complement? (h(!e Ai-t. ^ 1 ). 


B, The sides AB, BC, CA of a right-anghid triangle are i 7, 
15, 8 respectively; the sides PQ, QR, RP of another right-angled 
triangle are 61, 11, 60 I’espectivoly. 

Find the values of sin® A -i- cos'" A and .sin® P -I oeM® P. What 
do these results suggest? 


C. The hypotonuso AB of a right-anglcfl triangle is <11 e<m(.i 
metres and the side AC is 9 contimotres. Write down tlie vahiea 
of sin B, t»aii B, cosoc A, coa B. 

Whafc connection do you notice botweoii Hin B, coh B, l>in B 'i 


7, A cluiTch.tower is 300 feot high; wlmt m th(^ hIik^ nl; lijn 
angle ifc subtends at a point on tJio groniicl dOO ft. away fnmi 
the fool of the tower? 


8. A boat is 1000 yards away from a olifr 3fi0 fun I; bigli ; 
Avhat are the sine and tangent of tho anglo winch tlio <diir huIi 
tends at the boat? 


9. ABC D is a quadrilateral in wliich AB is at right anglers In 
BC, and the diagonal AC is perpend ioular to AD. 

AB = 3, BC = d, 

Find the values of sin BAG, tail BOA, cot ACD, ma ADC, 

10. The sides BC, OA of a rigUt-anghul triangh^ aro 3 and V 
re spectively . Find the values of tan A, sooA, cosiw B, niu A, 

\/l + tan^A. What trigonometrical ratio hrus tho Hiiino value mi 
the last expression? 


TKiaONOMRTIlICAT. UATIOfi 
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i 


H] 

13, Greometrioal constructions for trigonometrical 
ratios with given angles, 

Tho old mothod of construct- 
ing the trigonometrical mtioa 
was to draw fcho given angle 
POA at the contre of a circlo of 
unit radius, drop a perpendicular 
PM, and draw the tangents 
AT, Bt to tlio circle at A and B 
meeting OP or OP produced in 
T and t 

Then MP=aina, 

OM — oo»«, 

AT = tan a, 

Ot = coseo 0/,B — crisecj 
OT CK, 

B/ =: cot O^B cot a. 

rtn given angle ia 50'*, it iu eoiivouifuit l;o iniike 

OP~10 iimfcs, thou measuring tlie lincH giv<ui abnvi^ and 
dividing by 1.0, we obtain 


sin 50^* 

•T7, 



(U)H 

•04, 

fcieft 50" - 

■ i-nu, 

tan 50^^ == 

Mf), 

. entnO"- 

^ ■.S4. 



14, An alternative method is to caleulato c'a(di ratio 
separately* 


Ex. 1. Draw im angle of! ;i:i“ and by 
stniotion Ihid the value of 

With a pro tractor draw the anghi 
POMr.:3;r* 

Measure OPtrilOimita and draw PM 
perpondioular to OM* Then 


sin 33^ 


MP 

OP 


54 

16 


T)4. 


a giunnetrieal oen- 



B, 


0 
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[chap. 


Ex, 2. 3)ra^v an angle o£ 57“ and 
find by measurement the value of 
tan 57°, 


By moans of a pivitniotor, construct 
the angle POM = 57“. 

Moaaiu’G OM — 10 . units and enudi a 
perpondicular MP from M. 


tan 57° 


MP 

OM 




Ex. 3. . Brav' an angle of 03'' and find ])y meafmromont tlio 
value of cosoo G3\ 

Draw a lino PM -10 units and construct 
the angle MPO - 27°. I'^rom M <lraw a 
dicular MO to nioet PO at O, 

Thou 

PO M « 90° ~ O PM 90° - 27“ - 03", 

^ OP 1D2 , 

cosec C3 r. — 

O M 

16. Geometrical constructions for aiifirles with 
given ratios. 



Ex. 1. Draw an angle whoso aino is j 
Take a lino AS, and from B measure 
ofT BC ~ G divisions. With contro C and 
radius 10 divisions, draw an arc of a 
circle cutting AB in D, 

Tlien 

CD = radius ^-10 divisions. 

Hmeo sin CDB := , 

DC 10 5’ 

CDB i,s the angle roquired. 

If ineasuriul witli a protractor 

^ CDB “ 37"" (lUJarly). 
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Ex. 2. Oolistruct nit angle whose 
Qosino is ‘SC. 

Prom B moasuro BD = 8-6 divisions, 

^ Witli confcro D and mdius 10 divi- 
ooiia (lescriho an aro cutting BE at O. 

ODB is roqijirod anglo= 31” (nearly). 

Ex. 3. C'onstrnct an angle whose tivng<Mit is M8. 
1.1’roin D cut ofl' BD 10 ami Bc =r U-g. 



I'heii required angle is CDB - = 55” (nearly). 



16 . 

thers, 


Given one trigoiiometrlonl ratio, to find the 


Ex. 1, 

:if 

mil 


(.liven II ml e«.s« and cot a, 

/-SAO:-n, 




1L> 
"5 ' 


fi~2 



[niiAV. 
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Ex. a.'^iven that cosa = », find all the ratios. 

i 

/i — 

/, sill a — = 

o, As/l — (K® 

1 1 

ijoSGO a— - ” -7=== I , 
ftj 

1 

sec a— . 

(G 

Ex. a.^Givon that tan a =■• , «n(l HiUtt an<l Hfiori. 


o=w®-hn®, 


/, sma = - 




4- 71^ ^ 


7n^ + 


1« » 

A . 0 


D 


*2»m 2?mi- 


exampx.es V. 

Draw angles of the following magnitudo wibli ])r(jtra<5fcorH : 

1. Angle 14°, Eind the eino. 

2, Angle 18°, Find the sine and coHino, Tlu»icu hIiow 
roughly that 

sin® 1,8° -I- eo8®lB"- l. 



I'J 


TllKIONOMU'rjtlOAl, ItATlOH 


21 


{). Anglu tliii iiiul 'I'lii’iico 

ju'ovo roughly (iliiit 

(sobrrrt.: ^ 

hill r»'i 

4. Anglo 20”. Um Hnoauli. 

n, Anglo ^31“, .Fiihl till) cosoojtiil'. 


G. Anglo 07“ ;un :Khul (Jm mini luiil '.rinui nhi»w 

rouglily tliiili 

niu“« 7 " 30 ' + coH'M 57 “;H)',. 1 . 


7. Anglo 77”. 
provo roughly that 


Find Uin Hino, uomiio and tangiint. 


tiwi 77“ 


Hill 77 “ 
ii(.h 77 "' 


H, Anglo IJ7“ 110'. Ji’ind Mui miuinil.. 


iriioiKin 


0. Anglo 41)“. Ji’ind tlio onhviigonfc. 

10. Anglo no" no', Find tlio roHoviinl.. 

11. Ooimtrnol; iin anglo wiioiio iiitio in Mdiimiro ilio 

anglo 1(1 dio noai'imt dogruo. 

12. OonHtrmifc an anglo wlawn Hinn in MdaHiirn (hn 

anglo to Iho noarcHfc dogi-oo. 

Ill, (.'oiiHtriiut au anglo w'Iiokii Hiiio ih jlJ. Mriuuii'o tlio 

anglo to tluj noanwt dogroo. 

H. .IfVojii tho ln«b kliroo oxnnijiloH, what onnohiMion do ynii 
draw Imbwonu tho variation in tho Hinn (»£ an anglo and tlio 
variation of tho hIko of tho anglo'l 

111. (loiiBtruot au anglo wIioko roHino ia |j, MViuuirn tho 

anglo to tho nouroab dogroo, 

III. tloiiHtruot an anglo wIioko tangont jit ^fi. Mriuuirw tlio 
anglo to tho noariwt dognin. 


17 . CJouHtruot an anglo whowi oimimanb Jh Miil. Moninii-o 
tlio anglo to tho inianmt dngroo. 

18. OuiiHtruot an anglo whoHo cotangoiib in I-lH. Monmii-o 
tlio anglo to tho iioivroBt dognio. 
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19. ConBfcruofc an anglo Avhoso Bocaiib is l-TB. tho 

angle to the nearest degree, 

20. Construct an angle >vhoso sine is Measure the angle 
to tho nearest degree. 


21. If tan <? = I, find sin 0 and oos 0. 

22. If sin 6 = fv> ^ 

23. If sec ^ = 4, find cos 0 and tan 0. 

24. If cos 5 = f, find cot 0 and sin 0, 

25. If cot d = ? I find sin 0 and oos 0. 

b 

26. Given that sin 6=^, find tho value of 1 -I- tau“ 0, 

27. Given that sec A ~ 5 - j evaluate 1 •!• cot” A. 

28. If sinA-s, express all tho otlioi* trigoiioinotrical ratios 
in terms of s. 

29. If tanA = i, express all tlio other trigoiionuitrioul raticw 
in terms of t. 

, „ , , , , cot’ A — tan’ A 

30. If sec A = 4 , find tho value of . 

31. If (1 +a^)cotA-l find tho yhIuch of mu A umt 
sec A, 


32. Given that Vww cosoo A - m n* And tho valuoH 
of tan A and cos A. 

33, If sin A - yt» value of - — ^ ^ ♦ 

sooAH-timA 

cosoo a — cot tt 


34. If see a = evaluate : , 

® cosoo a cut a 

35, If cosQo A “ ~ , evaluate sec® A -h cos'-* A - • 1 , 


36. If the angle.s A and B am complemonfcary (i,e, A »!• B ? * 90'‘) 
and sin A = — , find the value of sin A oos B *1- oos A sin B, 
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!<: f.lio angitis A iiiid B aro oomiiloinoiitary and oos A - 
of COM A cm □ -Hiii A rtiii B, 


■U Mill A - -■ anti sill B liud t|,o valim of 

HJii Aoo«B-<cosAmn B. 

A I- B : : <J0“ and sin A ilnd tlio vaJuo of 
cot A cot B 1 
cot A cot B ’ 


if tauA :^;5 iiiul 

tail A — tan B 
1 tail A tan B * 


Hiid tiiG valuo of 


untMJiifl Exiwiii.ltid on OlmptocH I atid IT Btarb on 
l«Ht Pajior I. 





. CHAPTER III 

/ 

RELATIONS RETWEEN THE TRIOONOMICTRIOA RATHIS. 


17. Let ABC bo a right 
atiglecl triangle. 

mi • ^ . 


/. sma=s 


coseo a 
1 


and coseo a — — 

sin a 

also oos 0 


b 

^0^ 





also 


cos a = — ; SCO a — . 

sec a (toH a 

x a , h 

tancc = y; cot , 
a* 

. tan a = ; ook ot ■, - * , 

cofca' tiiua' 

a 

sin a c a . 

cos a 0 6 ' 

0 

b 

COB a 0 b 

:= w ^ OOt CL. 

sm a a a 
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18. To jHovo 

Bin® a + cos'* « a 1 
whuro siii“a sktuids i’oL* {.sin aj^. 

Hm’‘as= l~- 


oT 


ooh'-* a =3 





ft'- -I- fy^ 


1. (My DuomoLiy.) 


and 


19. To prove 

„ see® a =a tan^ a + 1, 

coaec* a = cot* a + 1. 

.stHj^ a « 1 ^-- (])y UmnnKilvy ) 

— *" 1 " 1 ^ tiiur** a H“ 

— « ■ - 
( 6 * 

//•» 

» I -I- • - S-V 3 1 .| , ( 51 ) 

(t 


ILLUHTllATl V hi Jil .\'; A MPliHW. 


Ex. 1. To prove 

Hiid A COHOO A •)• uee* A hoo A • . Hiii A •!• iitw A, 
8111 “ A ooHoo A -I- coh“ a hoo A 


»Hin“A . , •(. COM* A 

Hill A 

A •!• COM A. 


1 

OOH A 


t 
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Ex. To prove 

cofi^ A tan A sin A tau’^ A cut A cos A — cos A -h sin A. 

^ oot'^ A tan A sin A + tan^ A cot A cos A 

cos^A sill A . siii^A cos A 

■” -"'g— , , sm A H 7,“ • ^-r - . cos A 

siirA cos A cos'* A suiA 


= cos A 'V sin A. 


Ex. 3. 


To prove 

cos’’ 0 sin’’ 1 - 3 siiL^ 0 cos‘‘ 0, 
cos” 0 sin” 0 (coH^ 0 siu^ 0 ) (cos'* 0 + siri^ 0 ~ shi^ 0 <jos'’‘ 0 ) 
(1) {(cos**^ -I- sill*’ Of - 3 sin^ 0 cos*’ 0\ 

~ 1 - 3 sin** 0 cos** 0, 

Ex. 4- To pi’ovo 

(1 - tan Of H- (1 -« cot Of (soo 0 — coaoc Of* 
(l-tantf)N. (l-oot<9)3 

= 1 tan** 0--2 tail 0 *1^ 1 H* cot** 0-2 ml 0 
s=5 800 ** - 2 tan 0 h- cosoc** ^ — 2 cot 0 
, sin 0 2 cos 


=5 soc** 0 'I* cosoc** 0 -2 


cos 0 sin 0 


, a/) ^ (hui** cos^ 

= fiOO*’ 0 •!* COSGO^ 0 / 

Sin 0 cos 0 

- 800** 0 •(- cosoo** 0 ■ 


sin 6 cos 6 

' (soo 0 - cosoo Of* 

Ex, B, To prove 

sin** 0 H- Ian** 0 ~ soc** 0 - cos** 0 * 
see** 0 ^ cos** 0 tan** 0 h- 1 cuh** 0 
t.z tan** -f sin** ft 

Ex. 6. ’L'o piwe 

sin * 0 *1' Hill** ^ :=: 2 - 3 cos** 0 h- cos'* ft 
aiii‘‘ 0 -h sin** 0 (1 cos^ Of >[• 1 ~~ cos** 0 

= 2 3 cos** 0 *) cos^ 0* 
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Ex, 7. Eliininjito 0 botwoou 

ous 0 — mu 0 ^ 
and y = X* «iii 0 1* y' 0. 

Squaring and adding wo havo 

(sin^ 0 -l- cos^ 0) H- (ain'^ 0 -h 0) - 2a;y mu 0 cow 0 

4 mwO i\mO 






Tho equation ui^ x''^ -v ia called -tho JUiminant, 


Provo that 
1. sin A tan A = 


, KXAM.PLKH VI, 

1 - cos“ A 


cos A 


tail A cot A Hoo A : 


1 


coa A * 

3, (ain a «i* coa a)’*^ 1 .f. 2 hiu a (hih a, 

4, (aiu a — COH «/'* 1 2 sin a. coh a, 

1 


taii^ 0 
1 


i 1 = cosoc^ 0, 
1 


oot^ 6 ^ ^ coa** 0 ’ 


. 7, 

^ B. 1 '!• B tan** A « , 

coa** A 

f ’ 4U. ' , 3 -h 4 (juf A =--, 3 C 0 ac! 0 “ A -I- -■ . 

I I V anrA 


i' 10. taiP A •” ain** A i ^ 

-.1 ' ' ni%o 


ain^ A 
coa® A ‘ 


^11. 810“* 0 — cos*. <?;':4'Hin® 0 — cob® 0, 

'•1 ■' 

12, sin® 0 -h cos® 0 ^{nin 0 'i- coh tf) fl — aiu 0 cua 0), 
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^ 13. 

” U. 

* 16. 


^1G. 


' 17. 


-18. 


. 19. 


21 . 
“ 22 . 


. 23. 


. 24. 

• 25. 

* 26. 

-V 27. 

^ 28. 

29. 

30. 

31. 


1 cos A 

sec A *h tan A 1 + sin A 


cos® A 


— 1 — sin A. 


i 'H sin A 

1 — cos'* A = sill® A (1 -1* cos® a). 

cot® a „ 

— ^ = cos®a, 
cot** a + 1 


tan a sin a 'h cos a = seo a. 
sec* a — tan^ a = seo® a -h tan® a. 



cot® a 'h tan® a — sin® a 


cos*^ a ‘h a 
cOH®asin®a 


/ i* A\(i I'l'COsA 

(cot A coseo A)® - = . 

' ' 1 — cos A 


cos® & coseo® 0 = coseo® — 1 . 

(seo® A — 1) cos® A = sin® A. 

(1 + cot® A) (1 H- tan® A) sin® A - \ . 

' cos® A 

vr - sin® ^ tan ^-siii 0, 

sin" a - cos® a = (sin a - cos a) ( 1 h- sin a cos a). 

sing 1 + cos g 2 
1 + coag sing ""siirg'^ ‘ 

ta n® g c ot® g _ sin® 0 - cos® g 
1 + cot® g C08®g ' 

1 _ cot A 

1 + tan A T+cofcA * 

1 - sin® a = covers a (1 sin a). 

(1 cos a) ( 1 — cos a)® ==; sin® a vors ct. 


\ 
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/ 1 1 


/ i 

^ liti 

:iv. 

'io, 
4 1. 

-is. 

{^4 a. 

4 4, 

.*■ 4n. 

v-^4 o. 


1 " -J- i t= 2 coaeo^ a. 

^ ‘f cos a 1 — coa a 

C(XSGc'^ a — oosoc® a =: cot‘* a -I- oofc^ a. 


COS'* a 


(ain A - cos A) (tan A h cob A) - mo A ~ cosoo A, 

(sac A - cosoc A) (tan A ‘t cob A) 

= (sin A cos A) A cosoc^ A. 

gin 6 - 2 sin^ 0 
2 ^ - coa 

cot *1* cosoc 0 


^ tan 0, 


mx^O 


Ms 


fiOHoc ^ “ cob (1 -* cos 0)'*** 
vora A (1 •[' ftoo A) ™ siia** A hoc A. ' 

(cob A — tan A) sin A - 2 cos A - sou A, 

taii^ A cot^ A _ Bin"* A -l- cos** A 
ban^* A - cot^ A sin** A - cos'* A * 

2 tan A 


1 -h tan'-* A 


™ 2 sin A cos A, 


1 — tan® Art „ ^ 1 

1 -l* tan® A 

(hoc® A 4* tan® A) (coaoo® A l* cot® A) = 1 H- 2 hoc® A cosec® A. 

HOC A -i- tan A bcoA— tanA 

, , - , ' - 2 (SCO A — coHoo A), 

COKOO A‘l‘CobA cosoo A -cob A ' ' 

win® A I- 008 ® A ain" A — cos® A _ ^ 
fiin A -I- cos A Bin A - coa A " ’ 


y' Ai*7^ (1 -I* HOC 0 -h tan 0) (1 I C 0800 0 H- cob 0) 

’--5 2(1 I- tan 0 -1’ cot 0 + soo 0 -i- cosoo 0 ). 
J ‘ ^ ' ‘ . .X / . 1 


4 B. (tioBoo A - sin A) (see A — coa A) — 


tan A 4 cot A ' 
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[oriAP. Ill 



M* ^ . cot 61 

’ / (1 + tan* 0 )^ (1 + cot“^)'* “ ^ 

SO. ■ co8< 0 H- C 08 * = 2 - 3 sin* 0 + 0. 


I'Jiiiiinatn 0 from tlio following! 


r>i. 

fti ==5 r coH 0 ; 

y ” r Kill 0, 

ii 


52. 

rt) ^ a COH 0 ; 

y - h sill 0, 



53. 

HI - a H(so 0 j 

y - /> tail 0, 



fid. 

) 

ce ^ a coHoc 0 ; 

y h cnfj 0, 




/" 56. IV RfiO 0 - ,/ tiui 0, 


y !ii!c 0 x' tan 0 y, 



0 


C5HAP'l.'I?Tl TV. 


•J'UTdONOMI'rritriJvV!, HA'I’IOH Oh' OliU'rATM ANQLKS. 

^ ^ V- 

S20. O’. 0 “ , 



A 

Lot AOP bo a Hnuill anglo; PN tlio porpondicTTlfir ic> OA. 
Tjofc tlio mdiuH OP or OA bo tlio unit of longth. 

M'hon NP incaHuiH^H him 0 , 

ON „ omfl. 

*\Vli(.'.n OP inovos towards OA and iiltimatnly ooiiioiiloH 
.In it, 0 bot^onuw 0*’; NP boct)ni(;H 0; ON boonni<‘s 
k tlu> unit of longtlu 

/. Hiu(r=^o. 


/'» cos 0” 5=: L 


H(U.! 


0" 


L 


/. tariO" 


Hin (r _ 0 

o(wr'”T"" 


0 . 


Cot^? and cosoc 0 increaso witliont limit as 0 approaches 
■o and by taking 6 Hufllioloiitly near y,m\ oot 6^ and cohoo 0 
,y bo niadi^ as groat as desirod : thi>s is (JxproHHod sliortly 
cot infinity ==i 00 , 
eoHoc 0 infinity oo , 



S 


a2 


FJ-EMISNTARY '1‘RIflONOMICTaiY 



Let AOP be nn angle iiearlj' 00"; PN tlui periinndieuliir 
to OA. 

Let the radius OP or OA bo tho unit of length. 

Then NP measures sin 0 , 

ON „ cos 0 , 


Draw OB perpendicular to OA. 

When P moves towards B and coinoidfi.M with B 
(9 = 90"; NP«OB = J. ; ON^^^ O. 


sin 90" = 1. 
cos 90“ = 0. 


tan 90" = 


sin 90" 
eosOO" 



co.s(!n !)0‘‘ M 1, 
HOC 90“ 


col, 90" « 0, 


iv] TiaOONOMKTUtOAL KATIOH OV (JKIll’Am ANGLES l]H 

y/ 

Q22. 30*^ and eO^ 


Lot ABC bo im equilatox^rtl 
triangle wliose Bides are tho unit 
(»f long I lx. 

Draw AD porpendicnlar to BC, 
Thou by Geometry BD = ; 

AD = VAB^-' Bb^' = "{y 

ABD = GO°jiikI BAD««0‘’. 

Kin 00“ 


tan (50® 



DA 

V3 


2 

BA ■ 

2 

/, noseouU ‘ 7 ,- 

BD 

-i- 



’ BA ' 

ant! 00":: 

2 

DA 



1 

Bb “ 


wifc0()" = 

Vd 

BD 




AB 


COHlX! *10" t 

• 2 

AD V-'i 

AB a 

/. HfO OO" . 

tj 

M 

' Vd 

BD 

1 



A D ' VO 


■ V’i- 


no.H I 


'Pho Htndniili ahould noto that 

Hill 00 ® = COH ‘ 50 “ 


oas 00“ ^ Bin 30" 
tan 00“ = («)b 30". 

IIo will luavu lator that thoao jiroiiurtioa alwayH Jiolil fljr 
c(i)n]jloininifcivi’y angles, i.e, iiuffloH wluwo Hiim.fjyO", 
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[fJlIAP. 


Qq/46\ 



Let ABC bo a right-angled trintiglo having BO - 
and AB the unit of length. 

Then by Geometry 

AC‘>-t-BO= = AB“ = 1, 


2AC* = 1, 


bo=>ac = 


V2’ 


AC 1 

then sin d'o” = -T-g = -/jf cosoo 4.'5” t=> \/2 

AB V2 


,.o BO 1 
costo 


.HOC 'I'ij*’ » V2 


lAO 


eol;4/>"®> L 
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24. Ib is useful to know these values and the best "way 
to do so is to recall mentally the figuiu For reference a 
table is given. 




TT 

TT 

TT 

TT 



0 

4 

li 

2 


0" 


45'^ 

00" 

90« 

Bin 

0 

1 

2 

1 


1 

cos 

1 

2 

1 

1 

2 

0 

tftU 

0 

1 

^/!i 

1 

s/3 

cc 


26 . Tn actual practice Tables of Natural Sines, cosines 
etc. ai’o always employed , 

111 4-(iguro tables tho sines, cosines otc. aro given for all 
angles between 0° and 90° at intervals of 6 niinutos, differoivcG 
columns being provided for angles of 1, 2, 3, 4, 5 minutes. 

I (i is proved in Art, 42 etc. that the sino, tangont and secan b 
increase as tho angle increases from 0° to 90°, while tlio 
cosi lie, cotangent and cosecant diminiBli as tho angle increases 
from 0° to 90°; thus the numbors found in tho differoiice 
columns aro added in the case of tho sino, tangont and secant 
and suhlTdcted in tho case iif tho cosine, cotangent and 
cosecant. 

Ex. 1. Find tlio value of sin 17“ 38'. 

'fuming to tho page of Natural Bines, wo look in tho first 
coluiirm for 17“ and along tho row containing 17“ to tlio number 
in tho ooluniu headed by 30' (tho number of mimitcB next below 
that required). Wo now have to find tlio diflbrohco for 2', and 
looking in Uiodiflbronco column hoaded by 2 and in tho same row 
as lioforo wo soo tho nuinbor 6, 

sin 17“ 30' ’3024 
difference for 2' *0000, 

3—3 


3(5 


Adding 


ELKMENTAllY TIUGONOM K'rilY 
sin 17" 38'- ‘3030. 




i 

0' 

6' 

12' 

18' 

24' 

30' 

30' 

^2' 

48' 

04' 

12 3 

17 

21124 

mo 

2!)fi7 

2974 

2990 

3007 

8024 

0040 

110R7 

3074 

n () H 


Ex. 2. i''ind tlio viiluo of coh /iS*" 28'. 
Asj in Kx, 1, 've iind that 

cos 58'’ 24' -‘5240 

and tho didevonco for 4' ^=*0010. 

. ‘ , H^ihimcting cos 5 8“ 2 8' — *5 2 30, 



0' 

6' 

12' 

18' 

24' 

80' 

30' 

42' 

48' 

64' 

12 3 

4 5 

58 

529U 

5281 

6270 

5256 

6240 

5225 

6210 

5105 

5IW) 

5105 

•2 5 7 

10 IV 


Ex. 3. >4nd a;, given that tan ai v’fi27r). 

On turning to tho page of l^iitural Tangents aiirl Hohudin;^ 
tlie nuinboi* nearest to '6275 and tinui it, \vn ihid tha(i 

' . tan 27" 48':^. '5272. 

There is now a difTorenco of 3 in tho last figure to he 
accounted for, and looking for tho iiiunluir nmuc^Ht ti» 3 in the 
Biffevonco Columns wo find 4, Avliich js in tho <uihiinn hoatlod 
by I'j 

A a)-27MlV. 



0' 

6' 

12' 

18' 

24' 

30' 

30' 

42' 

48' 

64’ 

12 3 

27 

‘5095 

5117 

51 ao 

5101 

Biai 

5200 

522H 

5250 

5272 

5205 

4 7 11 


4 


0 


Ifi IH 



TAULKS OF KATUIUI. HINICS, ETC. 37 

£i X. 4, l<^ii kI a;, gi voii tl J at c < j fc iu 1 * 0 2 1 1 . 

From tho tablo of !Nittunil CoUngoiits, aoloclitig ilia ninnljur 
uoaroHt to l’G211 and synallGr than it, 'vvo iiiicl tliiit , 

cot 3 r 42 '== 1 ' 6191 . 


Tho clidoronco to bo accounted for ia 20, aj.id in tlio clinbrtjnco 
ooliinins tlu) noaieat luiinbor to this ia 21, in tho colunni licaclod 
by 2\ 

binco as tlio value of tho co tangent iucrcjaaca tho aiiglo goLa 
SI nailer, wo aubt^'act ', 

cot 3 r 40 '^l*G 21 L 


! 0' 

0' 

12,* 

18' 

24' 

30' 

36' 

42' 

48' 

64' 

12 3 

4 6 

ifiOifl 

am 

0512 

0117 

0080 

fijtifl 

0256 

0191 

oia« 

0000 

112.132 

•18C!1 


28. Wo shall suo in Art, 27 that tabloH of hiuoh and 
tangenta IVoin 0" to 00” would roally bo Hufllciunt, for 

c 3 osA== 8 in(!) 0 ”- A) 


soo A == — i 


coaA 8in(90” ^ A) 


not A - 

tan A 

A 

00800 A ; ;• , 

Rin A 


i huH all tho othor four ratios can bo r( 3 (lnccd to (ixproMMimiB 

involving only ninos and tangents. 
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examples yii. 


[CUAI'. 


Prove 

I 

2. 


sin 60“ cos 30“ -h sin 30“ coa G0“ - ain UO , 
sin 60“ cos 30“ -- sin 30“ ooa 60“ »iu 30 , 

tan 60° + tan 30 * „ 

1 - tan 60“ tan 30 
tan 60° -tan 30° ^ 3Q0 

1 + tan 60° tan 30° 

2 cos'* 30° — 1 — 1 — 2 sin® 30 — nos 60 • 

6. 2 sin 30° cos 30° = sin 60°. 

7, 3 sin 30“ - 4 sin® 30“ - sin 90“* 

8, 4 cos® 30“ - 3 cos 80“ = cos 90“. 

9. cos* 46“ - sin® 46“ := cos 90“. 

10. coseo 60“ cot 30“ tau 60“ = 2 soo® 46“ uuh 3U“. 

11. I sec* 30“ + 3 cos* 46“ == seo 00“ ^ tan* 30“. 


12. cos* ^ — sin* 7? = cos ^ . 
6 6 3 


in tr » Tr . fl ^ 

13. cos T^sin y *- siir TT 


14. 


6 


= cos^ 


, nTT 

SlU Q - con 

,^7r , «7r o i5 

cot 77 — tan 77 =5 

6 6 B^r jjTr 

008*77 COS® ^ 


Find the value of 


16. 

sin* 30“ 

+ sin* 60“ •!' tan* 

'45“. 

16. 

2 cos 30 

“ cos 46“ sin 30“ 

sin 46°, 

17. 

tan* 30“ 

4- 4 sin* 46“ + 

coa®30“, 

18. 

COS* ^ + 

sin* y + sin* 

4 2 


19. 

n . TT 1 TP 

2amy + - 7 C 0 se 0 T. 

4 2 4 


20. 

tan’ 1 + 

4 cos* ^ -f 3 00300 * ^ . 



CilMl’MvMKNTAin' ANUM!:* 


IV 




121 7/ Oomplomonttuy imgloR. 

Twn nrii mii»l in \n>. y ^vluji t)H*ir 

Kuni iM a ; runl ril ln'r iuii;lo in to Im I In: 

anaipImai'Mt of tliu atrho!\ 


TIain in vwvy il/flil 
Irian/jlo l-wu ni' Iht^ ani^lra mnnt. 
Im^ cnniplonnailaiy ; ami any Uvn 
roinphannutaiynujiflrMinm hnilnuvn 
m that tliay form I wn au^'li':^ nf a 
riifht anf^li'il irianf^li*. 

\i\\l ABO 1m? any angliMl 
i rian^l^lt*, tlnni 0 ami </> iinf iinmpla- 
innntarv. 

• a AB , 

nm (/ ^ ^ ran iji, 

I'o’i 0 • ' MU f/>, 



i‘n:inn 0 * » non *f\, 

riiH? 0 ~ oi flu 'n 


Ijvn 0 


AB 

BO 


? f mlr ifh 


Tln>sn li^latiiMia may In? {Hit inln wi>nla lima; 

*l'lin tif an aii^rln . * tUn ntfsiutt nf it a a/, 

Tim CM.sma ol' an anjiiln ^ tho of lla vtitn/ftrua nt ^ i t'?, 
Nnimu if} Dtl ‘ iK 

/» ui[\ 0 - 0)\ ^ fiin {Tit 0) \ 

fan 0 ' (?nl,(IH) -- 0), nh\ 


kxamimj«:m vml 

1. iHw\ Min IV’ •iiU;!! 

luiil aiu v:v^ 

llml Inn 17*’ mul Ian Va*. 

IL (nvaii '\KV!l\ 

anil i'ua f|M" - ^IViM 

titnl tan nuil (an i\n\ 

lt< (livitn Ian !iri" ‘Vi|lO!.i 

aiiil Vim MiV HI lilt 

liiat inm ami Ian Tiir, 
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[OJJAl'. 


Provo the following id entities ’ 

4. cos (90“ A) tail (90'’ - A) cofi A. 

5. tan 0 + cot $ — coseo (90'’ — 0) coseo 0, 

6. sin (90“ - $) cot (90“ ^ 0) cot OmoO^l. 


7. 

8 . 

9. 

10. cot 


sin 62“ cot 28“ 

Too • == coa 28 . 

sec 62 cos 38 

tan^ 43“ . sin'' 43“ . ^ 

cob 47 + cos 47 


:in^ A coseo ~ cot® cos A 0, 

+ cot 0 — tan 0 oosoo® 0, 


11. If A = 30“, prove that 

(i) cos 2A = 3 cos® A “ 1, 

(ii) cos 3A - 4 cos'* A - 3 coa Aj 

/iss\ -L n * ^ tan A 

12. If a« 30“ and B = 60“, provo that 

(i) sin (A + B) = sin A cos B cos A sin B, 

(ii) cos (B - A) = cos A cos B ^ nin A sin B. 

Prove tlmt 

1 3. tan (90 — A) ain (90“ — A) cos'' A coseo A. 

14: tan A seo (90° - A) - sin* A oosco (90“ - A) r-, <•()« a. 

15. ■^cosec (90° - a) - tan A sin (90° - A) cot (90* ■ • A) i.c ouh A, 
sin 68° tan 88° 


16. 


sec 68° ■ cos 22° ~ 


coseo» 33° tan’’ 33° cot 33° 

~ coFsr ■ sec^ 33° ~ ^ • 

18. cot 67° cot 23° cos 67° tan 67° = cos 33°. 

1 9. cos 1 3° tan 13° tan 77° coseo 77* 1, 

20. sin (90 - A) cos (90* - A) cot A - 1 -j. cos' (90° ■ - A) . : 0, 
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Q8. Trigonometrical equationa. 

£fX, 1, Solve i‘l UOHOO <1 Kill 0. 

3 . . — ,.~<lHiufl. 

Hill V 

hIu 

J 

Kill 00” 

Olio HoluUon of tlio oquiitioii in 00”. 

N.]{. The Hliiuloiit wilt luiini Jiitoi’ Unit Uioru iiro fmtlior KoliilioiiH, 
Ex. 2. Solve 

K(!0“ 0 -I- fi - ; 1 till I . u. 

Now -I- tan'’ (9. 

.•. lau»<9-|. 0 - tan 

(tan 0 - 70 ) (fciiu 0 - . 0. 


(uUujr 

tan 0 -■ ;y/3, L 


Of 

tan<?-2;.y3.- 

>: 34G.1L 

Now wo Jind from tlie Tables 



tan 73” mi'. 

3‘'1C4C. 


<9:- 7.‘r5‘l' (apjirox.). 

Ana. GO” or 7:»” D4'. 


Ex. 3. Solve 


Then 


3 lnn“ 0 -■ 8 tan 0 mio 0 A- 1 G tan 0 — 0 won 0 •(. G . i 0, 
KiHinil G 

cos” 6" ■ ■ cos* 0 ■ cos 0 eos ^l 

.3 sin” <? - 8 sill -I- 10 sin 6 «ii« - 0 cos 0 I- 3 oua* (? . 0. 
3 (sin* 0 I- cos’ 6) - 8 sin 0 -■ (i cos 0 -i- 1 0 Kin OamO-^ 0. 
(3 — 8 sin 0) (1 — S cos (>) i;; 0, 



liLEMENTAHY TllTGONOMETliY 


[OJIAl*. 


4f2 


either 


or 

from Tables 


cos ^ ^ ^ f 

sill ^=: § — '375 ; 
sill 22° l' = *376 (approx.), 
0 = 22 ' 1 '. 


A 71 S, 60“ or 22 1, 


EXAMPLES IX. 

Solve the following equations, i.o. iind vjiUioH fnun 'ruhln 
Art. 24 or if necessary from Tablea of Natural BiiUiS, (jt<i,, wliiuh 
satisfy them. 

1. 3 seo ^ = 4 cos f?. 

2. 2 sin ^ - C0300 0. 

3. 3 cot ^ ~ tan 0, 

4. ^3 soo <? = 2 tan 0. 

5. coaeo 0^=2 cob 0. 

G, sec ^ + 2 tail ^ « 2 OnmO *1° 2 oob ft 
7. sin® ^ ‘h 2 sin ^ = 2 -* cos“ ft 
V 8. 7 cos® 0^17 coa (9 *1° 32 10 ft 

V 9. coaeo® ^ h D — 3 ^3 cob 0 -^- 0, 

10. seo® 1 — 3 tail =:0. 

11. 3 tan® 0^1 'h aco^ ft 

12. sec® ^ + = 

13. coseo®0 + cob^^i=i{;., 

V 14. tan ^ + 3 cot 0 boo ft 



TUIGONOAIKTIIK JA h K^U A'llU N S 


15 siu ^ 4* 2 Gos^ - 9 0. 

9 (ooa’* 0 + mi ^) = 1 L 

tan^ (3 - 2 sou 0 ) :== 3 («go ^ -- 1). 

1 “A “r ^ 1 - h - 

1— SlU^ i l*h»iut^ 

Osin^^'f- 27 «md? — 10. 
coa^0-2 sm^4^ r= 0. 


1 *1- cos 0 


= 2 — cab 0 , 


16 8in^^~ir)8m^‘^^^f.3-=0. 

tan ^ »h ool> ^ . 

V«> 

2 sin^ 0 4' 3 sill 6^ — d = 0, 

8 Sin^ 0 4 sill .f. 1 :::i 0. 


Misaoilanoous Examples on Oliaptoi-a ITT aiul IV Hfciu'fc on 
page 206, Teat Paper IX. 
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EASY PJiOJJLEMS. 


29, In those probloms tho torms 

“Anglo of Elevation,” 

“Anglo of Depression ” 

iiro ofton iiHod. 

Pici^ The anglo botwoon a horizontal nlano tlirough an 
calTcJ^^ ** lino joining tho eye to any object is 

(i) Iho^ angle of lilovation of tho object when it is 

higher than the eye, 

(ii) The angle of Dopression of tho object Avhoii it is 

lower t/biin tho oyc, 


c;hai>. y] 
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EXt 1. A fivo-l)avred gato ia 4 it, high anti 4 *y3 ft. long. 
What IS tlio longth of tlio cross piece and "wiiati is its iiiclinaticjn? 



Again onsoo ft 

AB 

AO 

. POSCO 

AC -.8 ft. 

Ans,> 8 ft,] 30“ to iho liori/on or G0“ to tlio vortioal* 

^ N.ll In this question wo have ^‘ho1vo< 1'’ a right-angled triangle, 
given the two hhIps coiitaining the right angle. 




4.(3 elementary TBinONOMKl'Ri [(illAK 

E.. a. A a,: 


Given 


and 



COH 0 - 


Let AB be the wall, AC tlie lacUbn*, 

AB 4r>i 

' AC * " mi' 

- ‘O U 

e'. (?r=2rmy, 

/. c/,r.Gn",w. 

?^-sin(9=-Kiii 3.r:K>' 

AO 

-'4147. 

A OB-*fi0x(*4M7) 

-20W)fU 

Am. 20*736 ffc,; 06*30^ to tlio lioriKunlal or to tbn 

vertical. 

N.B. i In this question wo liavo solved a rigb t-unjjled Irfungln, 
given one side and tlio hypotenuHo. 
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Jlough chech It is advisable to check the results by a diagram 
drawn to scale. 

Take AB := units on squared paper, widi centre A, dcscrilie 
a circle radius 5 units. 

By ineasureiuont 

BO :™2'1 units 21 ft. 

By protractor ^ ™ 25”, 


iEx, 3. A man at sea observes 3 light-ships A, B and 0 on 
the horizon^ A is directly in front of him, B is directly behind 

liiin, and CAB is known to be 60“. Find the distances of C from 
A ami B and the angle CBA, assuming the horizon to bo a circle 
8 miles radius. 



ACB - 1)0“ iMung the angle in a smni-oirclo. 

A , A 

CBA ■= ctmiplcmeut of CAB 30". 


CA 

AB 


cos 60“ 


1 

2 * 


/. 0 A J . A B 8 miles. 


OB 

AB 


-sin 60“ 


'T ' 




Jns. 8 iniloH ; (;r= ] 3-8(1) miloH ; 30°. 

,/ 

_ N.B. In thm question wo bavo solved o vight-anglcd ti-Ianglo, 
given the hypctciiUHo and one angle. 
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Ex. 4. In a jib-cmne, tho jib in indinod at) (K^ to Uio 
homon and the tie-rod, 12 ft. long, ia lioriwnital. Kind i hn 
length of the jib and the lioight of tho crano, 



=:: ROO G0“. 

BC 

/. Ac-i2«oonn‘’r... 


— -iiuifiir. 
no 


giv 


AD= lafiui oo” - 

Am. 24 ft. niul 20-78) fk 

N.n, III ttii.1 qnD.stion Avo l.iivo Ki.lvcd a li-inii)!li-, 

;'on one angle and one nide^ ^ ^ ^ 
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Ex.^ 6. A nmn obsorvcs tho oloratioii of tlio top rif a 
mountain to bo 60% Iio walkn 1000 foot iionn'i’ jiiifl fiiMla tlio 
elevation to bo CO”. .Find tlio liutghb of tho niuuiitnin to tho 
nonrest foot. 



CD = AD cot 0O“ AD ('f>77'l), 

B D - AD cot 50” AD (’83 91). 

BO «BD- CD -AD (-8391 - •,5774) 
=.:=AD{-2G17). 


AD = 


1000 

'“•2617' 


^ 3821 ft. 


3821ft. 
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[CilAI*. 


EX; 6. UlO dock (»f n Hldp tlio olovation of tlio lop of 

^ f 1*0111 ^tlio top of lb iiuiKt 00 ffc« }iigh tiio olovAtioii 
in ik") . Find tlio liuiglit of Iho olid’ to tho iioiu’ost foot. 



OB=iAB cob 00”, 

OB = DE = AE cob 30° = (AB - 50) cob 36°, 

y' 

AB cot 60° = (AB -00) cob 36°.'^ 

AB (cob 35° - cot 60°) = 50 cot 36°. ' 
A AB (1*4281 --8301) ==.60 (1*4281). 


flw, 121ft. 


Vj 


KAyy XUIOBLKMB 
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w 


Ex. 7. brom tli() top of n, toww- lOOft. Jiigh tlio aiigloH of 
(bpi-essiou of two objfiotH <hu> north of tl.o towor aro 00" luul 45“ 
I'lncl tlio (Iwtiinco bctwooii tho objouts to tlio niiiircst foot 



CB==I00out 00“;=.- 
DB 1™ 100 uoi) lu*' lOO^ 
CD:.:=100-.^®°:=.43ft. 

42 ft* 


18524 
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EXAJVIPL14S X. 

Whcreuer possible ike question should be ekeakiid h;/ a dintjmvt. 
drawn to scale. Squared paqier will be found %m\tnL 

1 A ladder 20 ft. long is placocl iigaiimt a wall so that llio 
toot of the ladder is 10 ft. frojn tho wall. Eiiitl tlu> iiidiimti.m 
of tho ladder to tho yertical, 

2. A boat is to bo hiunohed down asloiMv whoso inolinatiiui 
to tho horizon is 30°. Tho length of tlio slopo in 50 yds., lind tho 
height of th© boat above tho level of tho water. 

3. ^ A flag-stafif 60 ft. high is hold up by ropes, oaeh hoiiig 
attached to the top of tho flag-staff and to a peg in tho 'groiiiul 
and inclined at 30° to tho vortioalj lind tlio lengths of Llin roiiivi 
and tho distances of tho j)egs from tho foot of the llag-Hl>air, 

4. A kite is flying with tho string inoliiiftd at 'Ifi" Lu the 
horizon, find tho height of tho kite abovo the ground wlnni tho 
string is 60 yds. long. 

6. A man. lives in a road incliiiod at 30° to n river and at a 
distance of half a mile as tho crow llios from tho rivor] how far 
must he walk along the road to roach tho river ? 

6. The elevation of a tower 600 ft. away is 30°. h'iiid itii 
lieight to the nearest foot. 

sA. How far must a man bo from a houso <1.0 ft. liigh id order 
that it may subtend an angle 60° ? 

8. A tower oasts a shadow 300 ft. long when tho huii’k 
altitude is 30°. Eind the height of tho tower. 

9. Prom the top of a mast of a ship 60 ft. liigh tlm aiiglo 
of depression of an object is 20°, find tho distance of tho ohieet 
from the ship (cot 20° = 2*7476). 

• 10. A man wishes to find the width of a river, Ito nlaudH 

opposite an object A on tho otlior side, Im tlieii 

wo- ^ ^ DOA to 

be 40 . Whafc is the width of the rivor? tan 40“ , 

„ .A?’ . 3° find hits tho ton of 

“’"’ay* How imuili hi^er 
£n 3°= 0624^.'® ^ ivo.i 
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C3 

if flit f'i ®0“ fi’OHi a point duo north of 

ami f^ iff! fr*? If *^10 two points aro 100 yds. 

of obsoi'TOtion distanco from oacli point 

13. From tho top of a mast GO ft. hiy],. two huoys arc 
ohsorved duo north at tvnglos of doprosrfiou fiO" and 40°. ^Fiml 
tho chsiaiieo hotwoon tho buoy«, 

Given cot 00°= -8391 ; cot 40° = 1 -1918. 

14. A man observes tlio oWtion of n billoon to bo 30°. Jio 

I'n t)‘o olovation 

,,i, i'uw 

1C. ^An observer at a point A soo.s two forts B and 0 : iio 
finds BAG = 45° and knows that OBA=:90°. Ho tlion walks 

?irx?rtr;' ■'» 

/o’ 1 ^*' inoliiKHl at G0° to tlio liorivon 

::trjr,rjL Ltsr »' 

™ "“S''* »i“' to f “r 

^ 1000 ft at 8oa tho oWatioii of ii nlift' 

In tfi^/oUojoiyhmmpks 2 'abka mitat ha nml, 
of tlm ilag-stair hrCnS foot ^ 
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elementary TRIGONOMIfTIlV 


[OllAP. 


,, X udioix “r 

sS* Zl «nd S. l.=i«M ot tho Wlom. to tl» 

<59 An observer at a point A seen two forte D and C ; ho 
finds CAB = 60” and Imows that BOA = 90”. Ho tl.on walUn half 
a mile towards C and finds CAB=65” Find the dtetanoo 
beU-een tho forte to the nearest tenth of a mile. 


23. From a sl.ip 2 kilometres at sea tho elevation of a (did' in 
20“ and of the top of a building on tho edge of t-lio oliil */! . I nul 
the height of tlie building to tho nearest docimotre. 


24 A man on one bank of a river ohservos a point on tlin 
opposite bank and finds the straight lino between hiinsttlf and tlin 
point makes an angle 14' with tho current, after walking dOd 
down the bank the angle is 26'. Find the width of tho river to 
nearest foot. 


25. With a vertical etiok 12 indies in length, tlu> KUii 
a shadow 7 inches long. What is the olovation of the »un 1 


26. A flag-staff on one bank of a river is viewed by a inan 
immediately opposite on the other bank, and tlio elevation ot 
summit is found to bo 6T ; on retiring 100 feet the (ih^vution 
becomes 35“. Find the breadth of tho river to the ncwirent fecdi 

27. '^ From the foot of a post 12 ft. liigh, the oUwation of tlin 
top of a flag-staff is 61°, while from tho top it is 52°, Kiiul thn 
heiglit of the flag-staff to the nearest foot. 

28. The shadow of a tower is 00 ft, longer when tho 
elevation is 28" than it is when tho olovation is 42®, (lulouhUn 
the length of the shorter shadow to tho noarest foot, 


29. The line joining two buildings known to he 1 milo iiparl- 
subtends an angle of 63° at an observer in a balloon, known to hn 
exactly over a point midway botwooii the two l)uii(Ungs. itMnd 
tlie height of tlie balloon in miles. 


30. The angles of depression aiul olovation of tlm top of a 
tower 60 ft. high, viewed from the top and bottom of a wrjoomi 
tower, are 23 and 17". Find tlm height of tlio Hmionil towor tu 
tho neart^st foot, 
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direction and the next 
cigliUi of a nght-'iingh}, ie. IT :ir>'. 


IH ou«- 


Tho notation IC*" 
sliown in tlio figuro. 


West of North moans the <Iir(3ctioii 
-It IS somotimos written N* liV' W, 




elementa by tiug<>n< )m wru V 


(JllAV. 


5C 


examples XL 


1 A man walks 3 Idlomcbi’os N.K «md 0 Iciloinolms N. AV , 
how far is l.e from tho starting pl.mo t« tl- n.-nrost hnolomotra / 

9 A man walking duo West obsoryoH tw> forl.H (Im; Soul 1. 
of win after walking 6 iniloa tho forts bear hO and bf) SoiKh 
of East. Find the man's distanoo from oiwdi inrl a(', llm lw^> 
placea of observation* 

3 t^Aand BstartwalkingindirootionsE. irW. and N. 

find their distance apart after two hours and tho ( hrticfcion of th.^ 
line joining them. A walks 3 inilos an hour and D 1 imh«i piM- 

hour. 


4 Two forts A and B are built in tho huh. E. and W. of ouoli 
other. A ship is South of A and South AVost of D; afloi' 
sailing 10 miles B.N.E. sho is South of D. llow far aro tlm fort 
apart ^ 

From a station A an objooh B born H. K» by M. buii 
the observer had wallced 1000 yards H.W, ))y W, it bcivn dtin K 
Find AB. 


6, A ship A is 10 iniloa BAV, of a liarhnm’ at l\u\ inslaiit 
another ship B is leaving tho hartjour ; D stnainH Hil'5. at 8 inilr j 
per hour and the ships moot in 2 hours, bMnd A*h lo 

nearest degree, 

T, ^A, B and o aro throo pluixm. B is HO inihm hlN, l‘h uf 
A, and 0 is 40 miles S,S,E, of B, Find tho tlistatMiis and IsMirirt^t 
of C from A, 


8, At 2 p.m. on a oortain day a sliip sailing N, at a nnifurin 
rate of 6 knots passed anothor vossol sailing W, at Hi hrinlM, 
Find the bearing and diatanco of ono ship from th(J nllifU' at ilu* 
preceding noon, [1 knot 0080 ft, per Imur,] 

9. A man walking along a road whioli riuiH H.W, hpom iiit 
object S. 60"* W, of him, aftor walking lOOO yds, M»» rilijiuit in 
S. 80*" W. Find distanco of olijoot from tlin ilrst point of uluufi* 
vation and its shortest distaneo from tho roail. Annwin* in (In^ 
nearest yard, 
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vj 


r.7 


10. Afc two points 6 Iciloinotros apart on i\. rojul ntnniii/< 
Nortli and South tho buariiigH of a Iniildin^ aro W, ^7" and 
W» 4:3“ S. Find to tho noauoJit niotro tlio diHtatiuo of tliu buildiii^^ 
from tl)G road. 

ll'J A and B aro two towiiH on tlio banka of a straight rivoi’. 
C is a third town. D in 10 jiiilos K. iO" W. of A j C is N, yo * M, 
of B and N. 10“ K. of A. Find distantrn of C troin tlnj riv'iu’ U* i.lio 
n(3aroftt tontli. 


12. A juul B am two buoys. D is mi Ins M. ^30“ M. from A. 
A thircl ])uny C is duo North id A and S. 40“ W. id B. Find BO. 



CHAPTER VI. 


APPLICATIONS OP ALaEBUATO SIGNS) ANGLINS 
OF ANr MAGNITUDE. 


31. Positive and Negative Llneo. 

The position of a point relatively to two /Ixod livioN 
XOX and YOY' can conveniently be found by (!on.sid(>i‘in;f 



be' ‘'“’•"S'"' Yov- u, 

fclKme measured downwards ^ 


CHAP. Vl] APPIJCATTONS OP AT.OKHUAIO ttlONH 

Thus Pi la H divisioiKS to tho riyiu ami 7 up nial niuy Ih* 
called tho point (8, 7). 

Pa is 6 divisions to iho le/t and 4 up iukI nuiv ho. 
called tho point (— C, 4). 

P4 is 7 diviftious to tho laft and (j doiiui and nuiv he? 
called tho point (—7,-0). 

P4 is 5 divisions to tho rujhi aiul 4 (Itnoa aiul inav In' 
called tho point --4). J 

NiPj, OM,, OM4, N4P4 aro po.sitivo lines 

NjPg, OMy, OMa, NaPu „ negative j, 

IVliPi, ONq, ONi, MaPo „ poHitmi „ 

M|P.,, ON.1, ON;,, IVI;,P,, ,, nogatlvci „ 


3£2. Positive and Negative Angles, 

If a straiglit lino starting from OX rovolvo to OP in 
a direction contrary to tho hands of a clock it i« aaid to 
describo a positive angle. If it rovolvo to OP' in the Hairin 
directiou as tlio luinds ot a clock it is naid tf> descriUo a 
negative angle. 




ELEMENTA RY TRH30NOMETRV 


[OIIAI*. 


GO 

pJ- 

THIGONOMETRICAL RATIOS OF ANQLKS 
OF ANY MAGNITUDE. 

33.'^ If a line revolving round O from tl>o pOHition OX 
come into the positions OPj, OP.j, OP», OP.i and porpomli- 
eulars be drawn from P„ Pj, Pj, P 4 on to OX or OX', tlion in 
ev'ory case 



OM 

Qp » ,, eoa POX 


MP 

OM' ” ” 


tan POX, oto. 



VI] 


ANGLES OF ANV MAGNITUDE 




If (iho rovolviug lino luus rotatod tlirough an fl. 

then in fcho 

1 st quadrant, Kin « — == =: + quantity, 

OP, -I- quantity ^ •' 


CDS a = 


G^imuLil»y . •, 


OM, _ 

OPi -I- qiuuility 


tan a = — J t=: _[- (^liantiby, vty. 

ONlj H-ciiitiubiby ^ 

2iul quadrant, sin a ;== == .j. quantity, 

OPu -[-quantity ‘ ■' 

OMy iiuuiiliil.v' 

cos a = Q j| = - quantity, 

tan « - ^ = SjSty “ - 'I'lantity. etc. 

3rd quadrant, sin a = ^ _ quantity, 

cos « « == = - q^^antity, 

qSfty + quantity, etc. 

4tli quadrant, sin « = J -jliSy "" ~ 

_.'l''l«autity 

* I.,.,*, --quantity 

Uui « = =. « - quantity, otu. 
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KLEMENTAIiX' ailiaONOMETllVT 


[UJlAi'. 


I 34, These signs of the trigonometrical rutioH jjuty he 
{Collected in a table as shown; but tho atuclent Khmihl nvt 
iatternpt to commit it to memory. 


• 

Positivu 

Nogfitivn 

lut Quadi'ant 

aiix 

cm 

Inn 

GOHUO 

SCO 

oot 


2iitl Qiiiulrant 

nin 

c«« 


QUHOO 

H(^0 

tan 

ooi 

Bid Quadrant 

tivu 

hill 


out 

OOHUO 

uoa 



HCU 

Jill QuadiMiit 

cos 1 

Kin 


8CQ 

tamco 

inn 

Ct>t 


* 
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AN(ir,ES OF ANY MAONITUJJE 
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35. All tlio Wgonoiucl.i’ioal I'olatioua iilroady piwud 
ai’G truo for angloa of auy magni- 
tude, positive or negative; for if 
OP ia in the 3rd quadrant for 
instance, 

MP 

sin a e= - - , 

OP ’ 


cosa: 


OM 

’OP’ 


/ 


"x 

1 M /" 

1 

V 

H 

0 

0 1 


, MP 
‘""-OM' 

wlicm lo PM, OM, OP aro assigiuMl Lhoii* algobraioal vtiluea 
^ Hina^MP /OM MP 
Qoa a Op/ OP ~ OM 
yiiiiilai’ly ib may bu proved that 

nin’** « -I- =; 1, 

I. H- tail-* a = ,soc® a, obe, 

Kx. 1* Dm^v a diagram Kslaaving in whiuh quadrant tim 
rovuh'mg lino lioa for au angle of 420^ 

420" .. 3G0" .h 60\ ■ 




Ex, 2. Hjlo^v Ijy a diagram the poHilinu of the rovol viim line 
tor au angle of - G20". ■ 


(3^ ELEMENTAny TKIGONOMEtUY [t.'IIAl*. 

EXAMPLES XII. 

Draw cliagranis sltowing in which quadiaiit tlio revolving lino 
lies in each of tho following angles : 

h 120^ 225^ 2. 240“, 150^ 3. 300", -300'*. 

4. 135“, 325". 5. -150“, 380". 6. - 330 ’, HfiO". 

7. 776”, _ — . a -726°?-. D. 226”, - 1000''. 

’ 4 ^ 

Find the algebraic signs which nuiwli nttiicliiid t<^ ihn vahii’M 
of the sine and tangent of 


10. 

136”, 226”. 

11. 

240", -*300". 

12. 

160°, 

- 2ur> 

13. 

210”, 316°, 

14. 

326°, 670°. 

16. 

JJtt 

4 ’ 

Htt 

”* '8 * 

16. 

1000°, -750°, 

17. 

I 

00 

00 

o 

00 

18. 

7ir 

8'”' 

1 Itt 

4 * 


Find the algebraic signs which jniisl> bo givou to tho valnoM of 
the cosine and cosecant of 


19. 

-136°, 160°. 

20. 

226°, 

-210°. 

21. 300°, 240°. 

22. 

176°, -675°. 

23. 

Hit 

1^’' 

67r 

~u • 

24. -2000”, 318(1", 


/ 

36. Trigonometrical ratios of tbr all values 
of a. 

Let two lines starting from OX revolver, otio tlu'ough an 
angle « to the position OP, and tho other through an luinhi 
- « to the position OP • ’ ” 

1^*^ quadrants it is obvious that POM « P'OM 

and AOPM = AOP'M in all roapocts. . 

''^P = MP' (numerically) = MP' (algobraioally) 

^ ' 



ViJ TKIGONOMETllIGAL llATIOS Ob’ NKOA'nVJS ANOIJja {j6 







!¥ 

0 1 

f f 

\ 

j 


y 





-- W X 


tan (— a) 
(— «) -• 


MP' 

-MP 

— sin a, 

-op'“ 

ol 

1! 

OM 

OM 


OP' “ 

OP 

COS a, 

MP' 

- MP 


OM- 

O M " 

■ - liiiii 

OP' 

OP 


M P' 

^ ‘ 

~MP 

— coHoo a 

OP' 

OP 


O M' " " 

OM 

HOO «, 

OM 

OM 


MP'“ 

- MP 

a. 


.1 vahxoH niiglit laivo IxMni (Inrliiotjcl from 

tllo Jiivst two. 

. It will 1)0 obsorved that tho only Uvo mtioM whioli roiniun 
imoliangcd iii aign ai'o ooa (- a) and hoc (- «). 


D 
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37. Trigonometrical ratios of (90°— a) 


^// values of a. 


for all 


Tj 0 fc two lines starting from OX rovolvo, ono through au 
angle a to tho position OP, and tho otlier through au angln 
(OO'^ — a) to tho position OP'. 



OP' is obtained by revolving through 90° from OX to OY 
and thou negatively through a to tho position OP'. 

Thus tlio nogativo revolution from OY to OP' is in all 
tho figures equal in magnitude to the iiositive revolutiim 
from OX to OP. 

It is obvious from the diagrams, tluib when OP is in iJm 
first and fourth (juadrauts, POM ?= P'OY, 

But FOY - OP'M', 

POM = 0^'M'. 



vi] TJiiaoNoMimiiuAii ItATios oi'’ (OO" — a) (}7 

Similarly in tho second and thirii (|UiuImivts, 

POM == P'OY'. 

But P'6 y' = OP'M', 

p6m = op'm', 

in all tliG diagmms tho Ah OPM mill P'OM' aro o(|ual 
in all respects, and 

M P = O M' (ulgohraieally), 

OM = M'P' (algehi’iiically), 

sin (90° - a) = ^ == oos a, 

cos{90°:a)==.°^;:=.^^...sina, 

t-.nwon-' ^ OM 

tan (S)0 - a) = » imt «. 

Similarly ‘casoc (90" - a)— aco a, 

HOC (90*^ — a) = coHoo a, 
coli(90" - a) =5 tail a. 

38. Trigonometrical ratios of (90" + a) for all 
values of a. 


Lot two lines starting from OX rovolvo, one throngli an 
angle ot to tlio position OP, uiul tho other through uuauglii 
(00° -h a) to tho position O P'. 

Thon for all positions of OP, 

POP' = 00'*, 

POM =! compbmont of P'OM' 

= op'm; 


0 -a 


UUiMKNTABir XUIOONOraSTJU' 

Aa OMP and P'M'O aro equal in all ruapouOs, 
Mr = OM (numerically) == OM (alffobraioally), 
OM'= MP (numerically) = - !VI P (algoluuically). 




HATIOS OV GO 

"® or of ( 180 «~a) for all 

^"VVo 1 * 

sl;ai’fcin|v from OX revolvo, oiiq tliroimh an 
“ tr^h position OP, aiul tho otiior tlirmigli anTuiLrio 
position OP' ^ 



M ^ To V M' 




through 180” from OX to 
iliiSti O P'? “«g‘^tivoly tliroiigh « to 

t!0 thiH Hoptivo rovolntion from OX' to OP' in in all 

xT, Sit'. aSiCSf” ‘'“’ ‘'““™ 

POM = P'6 M', 

, ZS. s O PM and OP'M' are equal in all respoefcs. 
M'P' =1 IVI P (algebraically), 

OlVI' =-= OM (numerically) = ~OM (algebraical ly). 


ELEMENTARV 'J'JIIOONOMKI'HY 

M'P' Mp 

sin(180'’-a)-='opr- Qp 

n«n- 

006(180 —a)— Qpi Qp 

M'P' MP , 

t.in (1H0“ - a) = OM " " 


Similarly eoscc (180" — a) = 

sec (ISO" - a) = - act! a, 
cot (ISO" -«)=’- cot a. 

40. Trigonometrical ratios of (180“ + a) for all 
values of a. 

Lot two lines starting from OX i-nvolvo, nm! thrtmgli lui 
angle a to the position OP, ami tli(>, otlitiv through im angin 
(180° + a) to the position OP'. 




VI| 


I'HKAI. It.VTItl!! Ill’ (l.'iir | '<) 


V I 


SilU’i' Un' (lin’i'K’iii " Ih'I vv< I II llii Hii livii iiiij;li 1 i-i IMII ', jt 
fiilliiWM llmti OP mill OP' m il in lln' linniM iiUni;;lit, lijn-, 

POM p 6m‘ 


mill Am pom nml l*'OM' iuh in all H' .ih i l.i, 
M'J’’ M IHmiiiM iii'MlIv) Ml’ (•■‘l;;>-l>i.<ii'iilly ). 
OM' - OM umiin ni'iilly) OM (iit;:i'lnaii>iilly >. 


M’P' 
OP' 

OM’ 
OP' 

M’P' 
OM' 

iSiiiiiliii ly i'it:ii'ti( I.Mtl ' I «) < 
arll^ ISO" I e<) 5 


iiiu(lHO I ft) 
onn(lH 0 ) «) 
lull ( ISO' I n) 


MP 

OP 

OM 

OP 

MP 

OM 

’ Tn’O-r u 
lirn fj. 


ii 


rnl.( I HO * I - <<) V I U, 


niuo, 

(IHM ((> 

III M. 


Tln» 'IVlK«uii»inrfi M ill nf ( A i mi I-o v.miIioiI mmI Itv 

riuiitlar 


41 . TIim I’liui’n AvIu'iM Him {l^nt HiiO 

irilniilncM nii ililHnitliMM, hiui'M )||i« mMifitin i.i’ ouliiiiM f itui mI 
fiiiy muliiptM i»r JMHr |t» tliM ilnr!i n«*f, alti ♦ ^ ||im lii|j|| 

jKviiiiinn of (tin liuM OP. 

M'lniil lliM (rijfullMiKrl I irjit lalinii or I f< will |m^ 

with lliitiM n|“ U jifiil (,||»1 lilfittj 4 »l Him 

SlUiiM ji’i iliMM* ill ( f4), H i i nu\ Mr 
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KLEMENTAJiY 'J'llI GON OMKTl tY 


[(JHAl’* 


42 / To find the variation in value of sin a as 
a increases. 

As the angle increases from 0 to 90 , 

M P is positive and increases in magnitude 
JVom 0 to OP, OP remaining constanti, 

MP 

sin a is positive and increcii^es frojn 

0 to 1. 


From OO"* to 180° MP is positive and 
(iecreases in magnitude from OP to 0, 


1 to 0. 


sin a is positive and decreases from 


From 180° to 270°, MP is nogativo 
and increases numorically from 0 to OP, 

sin a is negative and decreases from 
0 to — 1. 


From 270° to 3G0°, MP is nogafeivo 
and decreases numerically from OP bo 0, 

sin a is negative and increases from 
— 1 to 0. 




from 460” wo Imvo a ropntifciou of tlu! (dimigcH 

from 0 to 90 , and so on for oncli aucccHsivt) (lumlrant' Mid 
changes between 360” and 720”, 720” and lOHO" olc. bcinl a 
repetition of the changes between 0" and HOO”. " 

Since the values of sin « are constantly bding rcimatcd in 


VI] 


fllUl’lIS OP TIllOONOMK'I’lUOAJ, ItA’l’tOS 
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40. This viU’ialiion in tho viihio of sin a. may bo con- 
veniently reiiresonted by means of a graph. 



Let oaoh division miiitsiirecl along OX rcprosont. 20", and 
each division along OY ropmsoiit % thou from tlm known 
values of tho trigonometrical mtios of 0", :)()", (10", !)()" wo 
have 


a 

0'> 


00" 


lUO" 

ICO" 

imy^ 

aio" 

aio'-* 


iHiir’ 

imv' 

jifur 

Hu\ a 

0 

•5 


1 

*1) 


0 

- *5 

■ti 

^ 1 

■ 

** ■ ‘5 , 

0 


Prom tboso values, taking distivncciH along OX to roitrosonli 
tho angle a and distanoos imrallel to OY the valiin of nin «, 
tho graph may bo plotted; for ijiKtanoo, 

OM = 9 divisions ~ f!0" 

MP = 4i‘5 divisions •-= '9, 

OM, =! 10*/) divisioiiK 210®, 

M,P, = — 2*.^) divisions — •/), 
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ELEM ENTAB Y ^JMUGONOME'J’li V 


fJHA?, 


44. To find the variation in value of cos a as 


a increases. 

As the angle increases from 0 to 
go"", OM is positive and decreases in 
inagni tilde froin OP to 0» OP reniainitig 
eonstanh 

OM 

cos a Q p ’ 

cos a in 2 ^osiUve and docreasca iroin 
1 to 0. 

From 90° to 180^, OM is nogativo 
and increases nutnorically from 0 to OP, 

cos a is nof/cttivo dccvGdfiCs from 

Oto-1, 


From 180° to 270°, OM is nogativo 
and decreases niunerically from OP to 0, 

/, cos a is mffafdvc and incredses from 
- 1 to 0, 



iri’om 270'’ to 800°, OM is ])ositivo 
and increases in nuignitudo from 0 to 
OP. 

cos a is positive and inoreases from 

0 to 1. 

Between 8G0° and 450° wo have a r( 3 potition of tho 
changes from 0° to 90°, and so on for each muicujssivu 
quadrant, the changes between 360” and 720”, 720”^ ami 
1080°, etc, being a repetition of the cliangoH l)otwoon 0” anil 
360°. 

Thus coH« is also a Pm<ulm Finwlvniy its ])(n’iod being 
360” or Qtt. , 




CMIAPIIS OP TRiaONOiimUCATi RATIOS 


46 . 'I'ho variation of tlio value of cos a te rcpro 
soiiUmI by a graph similar to that of sih«,' shiftcfl to th 
left through OCf. 


'raking as bofove each division along OX to represent 20 
imtl (luiih division along OY as '2, wo can t.vaoo tlio graph of 
iMisa iVoni liln^ following fcahlo : 


H 0" S(V' 120'" ISO"" 210'^ 2<10” 270" 3S0" lUiO'’ 


ui I -u -M 0 


•4—0 - •!) "•» 0 -n *0 1 
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46. To find the variation in the value of tana 
as a increases. 


As the angle increases from 0*" to 90‘\ 
OM is always positive and decreases in 
magnitude iVoni OP to 0, and MP is 
positive, irkcreasing from 0 to OP, 


, IVIP 


trtn« h positive and wereasGs from 
0 to 00 . 



From 90® to , 180®, MP is positivo 
and decreases from OP to 0, while OM 
is negative and incimsea numerically 
from 0 to OP, 

. tan a is negative and inGvemes from 
— 00 to 0, 



From 180'^ to 270®, MP is negative 
and increases numerically from 0 to OP, 
and OM is also negative and dGcroasos 
numerically from OP to 0, 

/, tan a is ‘positive and increases from 
0 to 00 , 



From 270*® to 300®, MP is negative 
while OM is positive, MP decreasing 
numerically from OP to 0, and OM 
creasing from 0 to OP, 

/, tan a is negative and increases from 
— (X) to 0. 

Eetwoon 360® and 720®, wo again havo a repetition of 
tlko values between 0® and 3G0°, and so on for oaoh cyolo. 

Thus tan a is a Foriodio Fmiclwn^ its period being 360® 
or 27r, 
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47. Tho variation in the value of tiui« may be shown 
graphically. 

Ifrom the following table, giving the connection between 
« and tan«, tho curve shown in the diagmin may be plotted. 


a 

0 ° 


C ) 0 « 

W 

12(r 

IfiO® 

180 ” 

210 ” 

240“ 

270“ 

800 ^^ 

380 ” 

360 ” 

tun a 

1 

0 

*() ' 

1^7 

00 

-1‘7 

^*0 

0 1 

-0 

i‘7 

OD 

-17 

-’6 

0 


Kach division along OX represents 20“ and each division 
along OY represents •4. It will be seen that tho various 
portions of tlie curve approach the vertical lines through 
00°, 270“, 41)0°, etc,, and eventually touch them when the 
value of tail a becomes either ± co . 



48. The variation of cosec a. 

With diagnims similar to those given in Art. 42, since 
OP 

(ioseo « = X-r .- 1 it follows that cosoo a is positive and varies 
WIP 

from to a.y a increiisos from 0“ to 90®, 

i,e. cosGo a is positivo and decreases from oo to 1. 
liotwoen 90“ and '.1.80", cosoo « is posiiwe and increases from 

to io, from '.I. to 00 . 

Ur U 
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Between 180“ and 270“, cosec a is negative m<X imreamH 

OP OP * 

from to from — oo to — 1. 

0 — OP 

Between 270° and 800°, coseo a is negative and doGveaHes 

OP OP 

from to -77- , i.e. from — 1 to - oo . 


49. The connoction botwcon cosoeoc and a in sliowu in 
the following table and from the values tlioro given a eurvo 
may bo plotted. 


a 

O'* 

ao" 

(50* 

00"* 


l.'iO'' 

IHO'* 

210" 

2(0'* 

27(V* 

000" 


ildO" 

f!OKeoa 

CO 

2 

1’‘2 

:i 

1-2 

2 

CO 

^•2 

-- 1*2 

- t 

• • 1*2 

2 

CO 
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50. The variation of sec a. 

With diagrams similar to - thoso given iu ArL it 

OP 

follows that sirico it is j^osilive wlioii a ih 

Qp Qp 

botwcon 0° aiul 90“ and inoreases from to -q- , i.e. from 
1 to CO . 


OP 


]3otwo(!ii 90“ and 'l.SO” it is neijative and inorod/ion IVoin 

to ^p, io. from — oo to —1. 

Jkitwncu 180“ and 270“ it is tio(/(Uivtf and dooroiixan Ji’otn 

_ to ' 1 . 0 . Iran —1 to —CO. 

— Or U 


Jletwcon 27<r and 8(i0'’ it is jJo.siVw and decraaHCH fi 


*uin 


OP 


to Qpyio. from co to 1, 

curve will be similar to that for costae a iiiov<kI 0(V' 
U) the loft. 

51. The variation of cot a. 

With the diagrams of Art, 4(1, it follows that siiKUi 
it is jwsiiive when a is bciOweoii and DO" 

and doGveases from to io. from co to 0. 

Hotwcou 90" and it is negalivo and decreanGs from 
— OP 

i,o — , ie. from 0 to — oo. 

;Botw( 3 ou 180" and 270" it is posUiuo and deoi'casos from 

OP , 0 . p , ^ 

. .. Iq ' 1 , 0 . Irom 00 bo 0. 

0 Ur 

Botwoon 270“ and 300" it is noyaiivo and deoreuses from 

0 , OP . p ,, , 

-Q-p to , %.0. from 0 to - oo, 
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Ex. 1. the value of 

tail (-330“). 

lly revolving in a negative direotioii 
ns shown in the diagram through 330°, OP 
is ill the 1st tjuailmnt and 

p6m=:3C0°-330" = 30° 

tan(— 330°) = tan30° = ^^. 



Ex. 2. J.<'ind tho valuo of Hiii 420**, 

Ilcvolviiig in a jiofcjilivo diroctiuii 
ihi’ougli •J20'', OP is in tho Isfc quadmub 
aad 

POM - G0° 


sin d20‘’ «siu 00^" ~ 


^/3 

3 • 



Ex. 3. l.'’ii icl all tlie angles < 360“ whieli satisfy sin 0 


n/3 

n * 


Olio valuo of 0 is kiunvii to bo ()0^ 


Hiiico sill = 


M_P 

OP 



it follows 


that MP and OP must liavo tho saino sign, 
and thus tho angle can only ho in the 1st 
and 2nd (^luid rants, 


/. or 120“. 



Ex, 4, llodiico to its simplest form 

sill (180“ •-* A) tan (90“ -l- A) boo (270“ A). 
] expression ~ sin A x (- cot A) x cosoo A 

sin A * cot A . -i~ 

Bin A 

==;-*COtA, 
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Ex. 5. Find from tlio tables tho values of siii A + cos A wlien 
A — 0 , 10 , 20 , 30 , 60“, 60^ Draw a curve showing how ' 

Hin A -h cos A varies as A iucroosGs from 0“ to 60^ and tlieuce find ^ 

its valu<^ when A=u34°. 


A 

ftiu A 4' cos A 

O'’ 

0+ 1 =1 

10'* 

•1730+ ‘9848=1‘1C (ooivcot to 2 ijlnecH) 

ao*’ 

•3420-1- •9397=1-28 

iiO'’ 

•5000-1- -8060= 1-37 

rltj'* 

•0428 -h -7600=1 •11 

fiO'* 

•7000 -h -0428= l-.Jl 

(j(V’ 

•8000-1- •6000=l-87 


Lot distances ineasurcMl along OX repi'osonfc dogrocs, 

)f n n >» OY „ valiiosof sin A-rcoji A. 
;ifrom th(i nhove table, plot the points a, ft, c, dy cl/^ an*l 
thcnuK^ draw the gfaph. 
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EXAMPLES XIII. 


Find tho vfiluoa of 





1. 

sin 13.5“. 

2, 

cos 225”. 

3. 

tan 120". 

4. 

cot 210”. 

5. 

ROC 225". 

G. 

COSOC 150”, 

7. 

ain .315". 

8. 

COS 330”. 

9. 

sin (-30"). 

10. 

cos (- 13.5"). 

11. 

tan 240”. 

12, 

cob 225". 

13, 

sec (-330"). 

14. 

cot (-.300"). 

15. 

COSOC (-330”). 

IG. 

. 3ir 
mnj. 

17. 

HOC 210”. 

18. 

27r 
cos . 



20. 

57r 

21. 

Gtt 

19. 

coHCio 300”. 

SCO -;f' • 

0 

COSOC! - , 



23. 

,7'7r 


/ 27r\ 

22. 

tan-g^. 

cot^. 

24. 

coa(^-.-gj. 

25, 

eotf-?;^V 

\ Iv 

20. 




Evaluate L 





27. 

sin 480”. 

28. 

cos 900”. 

29. 

tan (- 585”), 

30. 

cot 090”. 

31. 

sin 495”. 

32. 

C()K{!0 (— 075”), 

33. 

sin 930”, 

34. 

cos 045”. 

35. 

cot 1290”. 

30. 

cosoc 1380”. 

37. 

tan (^015”). 



Find all tlio angles < 300'' which satisfy 

ir 


38. 

a ^ 

COS 0 = « 

39. 

sin - i . 

A 

'i 

40. 


41. 


42. 

S(5C ~ - 2. 

43. 

cosoc ^«“-/y/2. 

44. 

If A is botwcon 18C 

)” and 270” and tan 

A-i J, iind tlio 


values of sin A and rod A. 


45. If cos A = 4' And A is liotwecsn 270“ and JIGO", ihul llin 
values of sin A and tan A. 
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46. Find tho values of co.soo A and cob A, if A is between ^>70° 
niul 360“, iukI sin A:=— 

47. If ban A = - -\i and A is between 90* and 1 80*, find tlm 
values of coH A and cosec A. 

i^ind in terms of tho values of 

48. sin (270* -I- A). 4-9. cos (270 ° -a). 

no. ban (270° -I- A). ni. coaoc (270° - a), 

Iloduoo to their .siinphwb forms 
1)2, sin (180° -I- A) CO.M (90° ~ A). 

f)3. eos ( 1 80" - A) oot (90° -i- A). 

64. eob (180° .|. A) sec (180° - A), 
fifi. tan (90° — a) eoaoc (90° -i- A). 

68. eo.snn ( 180" -• A) sec (90° -i- A) cot (90° - A). 

67. cot (90° -I- A) trin (180° -i- A) sec (90" — a). 

68. eosce ( 1 80° - A) sec (180° -i- A) tan (90° - A). 

I'rovM that 

61). / tan ( 1 80" - A) l- tan (180° A) - sec (90° + A) 

, =coseo(3GO° h- A), 

on/ (lOH (l)(r A) oot (270" .h A) ^ sin (180*^ + A) - tan A. 

(VI Hfui (lUU)" - a) 'I- oosoo (27 0" A) - cokoc (90'' A) 

=.soo(l80“- A). 

02/ oot (IKV'- A) — sin A*l- cot A)-ain(3G0° -A). 

03. - (tin 4-80° lios 120" -i- cos 240“ sin 1 20° =0. 

04. ''^ eon 160" «oh 420” -l-sin 330° sin 300° -0. 
an/ sin 780" .sill 120" + cos 120° sin 390" = 

06.'“' sin 600" cos 330" -b cos 120" sin 150° = - 1 , 

Wliab is tho value of 2 sin A cos A when 


67. 

A 

A-. g. 

68. 

A ^ 

A~ g. 

09. 

Ac..l2(3^ 

70. 

Stt 
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What is the value of cos® A- ain^ A when 


71. A=^. 72. 4A=7r. 

6 

73. A = ^. 74. A = 2,r? 

6 

75. Find from tho tables the values of sin A ~ cos A when 
A = 0° 10°, 20°, 30°, 40°, 50°. Draw a curve showing how 
sin A “COS A varies as A increases from 0° to 50 and thence 
find its value when A - 26^ Verify by means of the tables. 

76 Use iho tables to find tho values of tan A -l- cot A (coiToct 
to 2 places of decimals) when A = 0^ 10“, 20°, 30°, 40°, 50. 
Draw a curve showing the variation of tan A h cot A aiKi 
thonco find its value when A - 12°. 

77. In a certain tangent galvanometer, E - 1 ‘91 tiiii 8, wbnro 
E is the Electromotive force of tho cell and S is the dofieotu ni in 
degrees. Assuming that tho electromotive force is itmdo to vary, 
illustrate this variation by a graph taking for 8 the values f)\ 
10°, 16°, 20°, 26°. Eincl tho value of E when S- 23°, and then 
verify by means of tables. (Answer correct to two plaoos of 
decimals.) 

78. If a particle is projected with a velocity of 64 font per 
second at an angle a with tho horizontal, the tinio, in seconds, 
before it roaches tho gjwmd again is given by ^-i sina. ^ Cal- 
culate the value of this from tho tables when a=-=sH°, 1B“, 22", 
26°, 30° vespootivoly. Draw a curve and thence find the tinu^ 
when a — 23°. 


Miscellaneous Examples on Chapters V and VI .start on 
page 212, Tost Paper XVIT. 



CHAPTER VII. 


LOGATHTI-IMS. 

53. Il' N, then co is called the logarithm of N to 
tho haso u, and the oquation may he written 

« = log„N. 

Hiof. The logarithm of a number to a given base is ibo 
iiideo) of tho power to which the base must be raised to equal 
the nninbor, 

= .•.log,6‘t =3 

P=240I .•,log7 2401 = 4. 

(liliucu «"==! .'.logal =0, 

the logarithm of 1 to any base is 0. 

63. I’or inQSt practical purposes the base chosen ia 10, 
ihkI tho logarithms are then cEuled Common Logaritlirns ; 
this .syntom was introduced by Briggs in 1616. In writing 
(luwii HU oil lo^MTithins iilio tiiso is omitted, so tlia;t 12 is 
written log 12. 

64. In many theoretical calculations the base rrsod is 

the ill finite sorics 1 d- 1 -1- 1 + 2“3 ‘ 

2'Vlfl3 (approx.) and is denoted by e. Such logaribhma are 
known a« Napierian or Hyperbolic Logarithms. 

'Unless otherwise stated we shall deal with Common 
Logarithms. 
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66. Aji easy inothod of calculating logarithms approxi- 
mately has been suggested indepoiidently by Prof. Perry nxid 
Mr Edser. 

The square root of 10 is extracted by Arithmetic ; then 
the square root of the answer; then the square root of the 
new answer, and so on. 

Thus 

10* =10 log 10 =’1> 

10^ = 3-162 log 3162= ^ =-6000, 

IqI = 1'778 log l''778= i ='2500, 

lOl = 1-333 log l-338= ^ =’1260, 

10*= 1-16B log 1-156 = =-0626, 

10*= 1076 etc. log 1’076 = = -0313 etc. 

From these wo can deduce other values; for 
10^ =10^ .10'^ = 3-162 X 1-778 = 6-622 .-. log 6-622 = ‘7600, 

10^ =10^ .lOl = 1-778 xl'833 = 2-370 log 2-370 = ’3760, 

10^ =10^ .IQI = 8-162 X 1-333 = 4'216 log 4-216 = -6260, 

IqI =10* .10* =6-622x1-333 = 7-494 log 7 -494= *87.60, 

10* = 10^ .10* =1-333x1-166 = 1-640 log 1-640 = -1876, 

10* =10* .10* = 1-778x 1-1.6.5 = 2-0.64 log 2-0.64= -312.6. 
10* = etc. 

10* = 10* . 10* = 1-155 X 1-075 = 1-242 log 1-242 = -0938. 
I 10* = 10* .10* = 1-333x1-075 = 1-483 log 1*433 = -1563, 

i 10* = etc. 

i 

I 

j 

i 

j 
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Wlum tu-iutigod ill owlei- of magnitude, wo have the 
following Table, which of coiiise might contain many inter- 
1 noil into valuos. 


Numlmr 

Iiogai'ithni 

Number 

Logarithm 

I'OOl) 

0 

2*064 

•3126 

im 

•0510 

2^370 

*3760 

vm 

•0026 

8*102 

•6000 

1*242 

•0908 

4*216 

•6260 

1-aim 

•1260 

6*622 

*7600 

1 -m 

•1608 

7*494 

•8760 

1 *540 

•1876 

10*000 

1*0000 

l*77B 

•2600 

1 



^.Pakiiig now any Ihroo valuos fairly cloao together, let iis 
Miiy 


N umhoi* 

Iiogarithm 

1*488 

*1668 

1*640 

•1876 

1*778 

*2600 


w(^ can ])lot these on squared paper by the points A, B, O 
anil ilniwing the ntraight lines AB, BC, road off the logarithm 
ijj’any number between 1*433 and 1*778, 

'.rhi) larger the diiigram tlie moro accurato will be tlio 
luiswnr. Ifrum tJio diagram, wo find that 

log 1*560 — *193, 

log 1*660 — *217, 

log 1*730 == *238 etc. 
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6 6 - ^ Theorem I. Tho hpariihvi of the prodiict of t wo 
vumhers in equal to the sum of the lofjariihms of the numbe7\*i\ 

Xi(Hl log VI — \ 7>l := 10^, 

log?i==y, 

♦ vin — 10^ ♦ 10^^ — 

log'(?ra) — itM-y 

zrs log Vh -h log u* 


\['\m tlioorom nuvy l)o oxtcnded to tho product of iviiy 
] lumber of fuctord, thus 

log (vin2)) — log m -h log^i -h log_p. 

Theorem II, The lo(/antlivi of the qiioUent of 
t wo nimherff is equal to the diffei'euce of the logarithms of the 
vnmhevs^ 


11 

— 10^, 

11 

. n ^ 10'^, 

m 10“’ mi!-,, 

' • n 10" ^ ’ 


■ ■■ l"B (“)-»-!/ 


5= log m - 

-log?i. 


so/ Theorem III. The logarithm of the i^ower of' ung 
•lumber is equal to tho logarithm of the number multiplied bg 
the indiiai of the power. « 

I jl)l, log w = «>, 

TrtolO®, 

. log (»«“) = run 

= nlogm. 

ThoHO thoomriH havo boon proved for the huso 10, but 
ihoy would apply wpially to any other base. 
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[chat. 

Given thab log7-211 = -8r)80 and log 8-878 = -O-tSS, 

Ex. 1. log {7-211 =< 8-878) = log 7-211 +log 8-878- -8580 


Ex. 3. 


, 8-878 

^"8 7 'ill 


= log 8-878 -log 7-211 
= -9483 


- -8680 
= -0903, 


Ex. 3, log (7-211)“ = 5 log 7-211 
= 6 X -8680 

= 4-2900. 

Ex. 4. log •v'7-2i 1 = If log 7-211 
= J- X -8680 
= -28CO. 


69. If n logaritlim is piu-bly intogi-al anti piirbly 
fi-actional, tlieii the integral part is called the (/haraotomho 
and the fractional part the Mo/ntissa, 

It is always so an-anged that the mantissa Is positive. 

Thus logJ = l'>gl-l<>g'‘ 

= 0 — -602]. (from Tables) 

= — 1 -|- .1 — -602 J. 

= -l + -3979 
= 1-3979. 

If it is necos-sju-y to divide sncli a logarithm by a number, 
the negative characteristic is increaHod mitil it is a nmltiplo 
of the divisor, compensation being made by adding the 
necessary positive integer. 

Ex. Given that log -03 = 5-4771, find tho value of log (-03)^. 
log (-03 )* = ^ log -03 = I (5-4771) 

= 1(5.1.1-4771) 



Vll] 


LOCUlUTllMa 


91 


10» =1000 

log 1000 = 

B, 

lO’’ = 100 

log 100 = 

2. 

10‘ = 10 

log .10 = 

1. 

10“ == 1 

log 1 = 

0. 

10->= -1 

log *1 = 

-1, 

10-“= '01 

log ‘01 = 

-2, 

10-»= *001 

log ‘001 = 

-3, 


Ili ia thoi'cfoi’C seen that the 

Logai'ithm of a number between 100 and 1000, i.e, witli 
3 digits = 2 + fraction. 

Logarithm of a number betwcou 10 and 100, I'.c. with 
2 digits = 1 +fi-action. 

Logarithm of a number between 1 and 10, i.e, witb 
1 digit = O H- fraction. 

Logarithm of a number between •! and 1 =5 -|- fraction. 

Logarithm of a number between 'Ol and 1 == 2 -I- fraction, 

Logarithm of a number between ’001 and ‘01 = 5 -1-fnietioii. 

Thus tlio cliaracteriatio of the logarithm of a number can 
bo written down by inspection. 

llui-K. The oharaotenstio of the logarithm of a mtmher 
> 1 is posiiivo and is one less than the number of digits before 
the decimal point. 

The charactfft'islio of a mmber < 1 is negative and is one 
more than the mmber of ciphers immediately after the cleoinuu 

2 )oint. 

6 1 . Without giving any rule, the oharacteiistlo call 
at once be determined, by writing the number as tlm 
product of a number between 1 an<l 10, and some multipln 
of 10; the oharaotenstio is then the same us the inaeio cl 
the power of 10. 
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Thus 

WY412 =log(r'412xl0») =logM'12 + 3logl() 

® c=: fraotiuu H- 3, 

l„g3*-12 .loB(M12xiO) .log3-«2+ 

log -7132 = log (7-132 xlO->) = log 7-132- log 10 
^ =:fraction — i, 

log -00713 = log (7-13 xl0-»)= log 7-13 -3logl0 
^ fraction - 3, 


62. The mantmao of lofjarUMs of all numbers Imdmj 
the sct/me significant fiyures are the same. 

The ti-ufch of this is easily seen by coiisulei-ing a few 
examples. 

Given 


log 4-63 =-6650, 

log -0463 = log (4-63 x 10-“) = '6606 - 2 = 2 '(i 6 r)(), 
log 46-3 = log (4-63 x 10 ) = ’6666 + 1 = 1 - 6666 , 
log 4630 = log (4-63 x 10“) == -6666 + 3 = 3 - 6666 . 

Ex. 1. If log 6-478 = -8114, wlmfc aro tho logiu'ithn 
G4-( 8, -0064-781 w 04.78 = 1 -SI 14, by Arts. GO and 02, 


of 


log -000478 = ‘3-8ll4. 

Ex. 2. If log 796-2 = 2-9010, wi-ito clown tlio luunbors wlawe 
logiu'itliins aro -9010, 1-9010, 6-9010, 4-9010. 

7-962, -7962 (=7-962 x10-'), 796200 (=7-902 x 10"), 

■0007962 (=7-962x10-'). 


Ex. 3. Givon that log3= -4771, find tho niunbor of digits 
in 3>“ and tho position of tho first significant figure in 3' . 


(i) Lot fl) = 3’", 

Iog(8=161og3 = 7'1606, 

Sinoo tho ohni-aotoristio is 7, tho number of digits in tho 
integral part of 3"* is 8. 
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(ii) Tj(jb !e=--3"’“, 

log a; = — 1 5 log 3 =; — 7 ’ISfiO 
= 8-8'i35, 

TUorofoi’o tlio inimboi’ of ci[)liom to tho right of tho cl(i()iniiil 
point in 3"'“ is 7, and thus tho first significant iiguro is tho 8th. 

63. Transformation of logarithms. 

Logavibliin Tablos are constructed by calculating tho 
logaritems to the base e (Art. 64) by inoans of tlio aevios 
given in Art. 210 and thou converting tlioni to tho boso 10 as 
follows. 

Lot ((. = logarithm of N to base o 

a> = logarithm of N to base 10, 
n’hon lO” = N « e", 

ami taking logarithnis to tho basn a 

ft’U)gclO=a« 

a n 

"’“Io'p0“2l}0258 

m a X *43429. 

Tlio gonoriil CJiso foi.* tho tranHfori nation (^1! logaritlnnH ih mm 

Given tbnvalnn of log,,N, supposo wo wish to find tlm valoi! 
oflogiN. 

TiCt log,, N " »!, Nj 

i.f>, ft)log„6 logrtN, 

Tf WO ]ni(i N then 

or logirtxlog„&=-l. 
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EXAMPLES XIV. 

1 ■\Vlmt aro tlio charactoristicH of tlio loj'acil.liinft of ri;)?’.'!, 

.')-2Gr), *8275, '0082.% 81.84-27, -0004177 

2. If log7G45 = 3-88.14, write down tlin logai-ithiris of 70-10. 
704-5, -07045, -0007046, 704.50, 7-045. 

3. * If log 3-736 = -5723, ws-ito down tho numbot-a wluno 
logaritlinia ni-o 3-572.‘!, 1-572.3, 2-5723, 5-5723, 5-572.3, 

4. Given tlmt log 2 = -3010, find tlio nninbor of digita in Mio 
integral parta of 2“, 2'“*, 2“ 

5. '' Given that log .3 = -4771, find tlio poaition of tlio liir.l. 
significant figiiro in 3'", 3“‘“, 3"”'. 

G. Given that log 44 -35 == 1-0409, find the valnoH of 
log(44-35)^ Iog(4-435)\ log(44.3fi)^^ 

log(-4435)», log(-04435)^ log(443-5)», 

correct to 4: of (IcunmalH. 


7. (xivon that Iog4-‘4- find tli() viilnos of 

log (4-4)*, log (4-4)*, log (440)*, log (-44)*. 


8. If 


log .32-1 -1-5005, log4-27--C.304, and log 84 H. .2-9281, 
find tho values of 

(i) log (321 X 427), 

(ii) log (3-21 X 42-7 x848),' 

(in) 


(iv) log 


.321 X 84-8 
'-427 ■ ’ 


(V) 


log 


•0427 _ 
32Tx -0848' 
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64. Wo have already seen that tho GliamciGnsiiG of tho 
logarithm of a number may ho written down by iuHpoetinii, 
so that the mantiasao only aro found in tho Tables. 

To find the mantissa of the logarithm of a number with 
four significant figures, we . firstly look for tho firnt tv)o 
significant figures in the first column, and passing alon^^ tho 
row containing these, take the number in that pm^jcuiar 
column headed by the third figure; to this number is mldod 
tlm miinbar in that particjular diffensica cohnnii headed by 
the /(uw'iftA figure. 

33x. To find log 4*257. 

Wo firstly look for the row ooiitaiuiug 42 in i.lic first (iolumn, 
and ill iliis reny select tho numlier in the column Inwidofl by tho 
thinl figure 5; this gives us 0284, In this same row, tho numhor 
in the <lifierence column headed hy the fourth figure 7 is 7. 

mantissa is 0291. 

Tims log 4*257 -‘G201, 
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[If the mimhor whose logarithm is required docs not contain 
4 significant figures, wo can add oipliers until it docs. Tims (lo 
find log 3, we should look for log 8000. If the numbei^ contains 
more than 4 significant figures, it is written down correot i;o 4 
figures.] 


65. Tho nnmhcrs giv(m in the above differonoo colmnim 
aro only approximate, and more accurate tables can ho con*' 
.structed hy replacing each row in tho difforoneo column by 
two rows, tho first of which. is usotl when tho third figurii 
of tho original number is between 0 and 4 iuclusivo, ann tbi^ 
second when tho third figure of tho original numlu'r is 
between 5 and 9 inclusivO. 
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Thus 


log 1036 - 3*0128 
26 

= 3*0154. 
log 1076 ^ 3*0294 
24 

=: 3*0318. 
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66. To find the Number, given 1»lio logarithm of t he 
nuinbev. 

Tho ohchvaoiGHsiio of tlio logaritlun, in(}rc3aHGcl l>y I il 
positive, gives the number of fignroH to tho^ loft of i-lh* 
decimal point in the Number recjuirod, and <linuiuH]uMl bv 
1 if negative, gives the number of ciphers to tho right of tlm 
decimal point in tho number required, 

From the mantissa we find the signifieant fignroB of tlio 
required number from the Aniiloganithm Table, Wn lonK 
for the first two figures of tho mantissa in the first (uiluinii, 
and passing along Sie row containing tlioso, tako^tlm nuinher 
in that particular column heuded by tho third (Igiirti of f.ln^ 
mantissa; to this number is added tho nnmbor in t.hai. 
particular difference column headed by the fourth (igmv 
of tlie mantissa. 


Ex, 1, Find tho number whoso logarithm is 2*3175, 
find aj, when log 2’317r). 

Since tlio charactoristio is 2, thovo will bo 3 figiirfis in tli*. 
left of tho decimal point. 

We look out tho row containing ’31 in the first cnhuim and 
in this row select tho ninnlior in tho column lioiuh’d by tho tldnl 
figure 7 of tho mantissa; wo thus obtain 2075. In I, his hkimo 
row tho number in tho difforonco column lioaded by tlio foui Mi 
figuro 5 is 2 ; adding this to tho provious rosult wo oliiiuii 
2077. 

T; nmiibor is 207 ’7. 


/ 



looaritiuis 


9*7 


vu] 

Ex. 2 . Find tho nuinbor 'whose logaritlim is 7 ^ 4235 * 

There will be 8 figures to tlio left of tho decimal point in the 
I’fjqmred number. ^ 

We look out tlio iw containing ‘42 in tho first coliunii and 

• Jl^eaded by 3, tliia 

^ives 2G49. lii the same row, tho number in tho difference Golumn 
Ju^nfled by 5 is 3 ; adding to tlio previous result wo obtain 2G52. 

/. number “ 26520000. 

Wlmn tho number ends with ciphers, it is Ixittor to write it 
HH a multiple of a power of 10 . 

Thus number = 2*652 X IC^. 


I Observe tliat tim index 7 is tlio same as tho charnefceristie.] 
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67 . Instead of using tho Aiitilogaritliin Tablo, tho 
<u’d inary Logarithm Table may bo utilised for finding* the 
nunibor whoso logarithm is given. T'hus in lilx. 2 we look 
for tlio row eontaining tlio nnmbor nearest to 4235 mid find 
ilj to be tho row starting with 26 and eontaining 4232, in 
a (iolumn lieadod by 6. Wo now have to account for a dif» 
fo]‘oneo of 3 in tho last figuro and find it in a differonce column 
Immhtd by 2, Thus the significant figures wo require are 
2052 and siin^o tho charactoristie is 7, the nmubor is 

2*052 X KF. . 


1 
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12 3 

4 6 0 

7 8 9 

2G 1 

■115(1 

4100 

•UNI 

4200 

42 til 

! 

1 4202 

1 

4240 

1206 

4201 

4298. 

2 3 5 
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11 13 16 


N.lh If the logarithm had boon 7*4230, it will be noticed 
that no difforonco column contains 4; in such a case we 
Holoct from tho difforonco columns the number nearest to 
that required, and hero again 4 being equidistant from the 
contiguous iminhors 3 and 5, wo choose the larger 5. 

n, 


7 
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Ex. 1. Find the value of 

37-21 X 82-.3.3 
•4729 

jjet a = given cxpreaaioit. 

log (e — log 37'2l I- Jog iS2‘33 — log -47 29, 
log37-21^1-r)70G 
Jog 82-33 1-91C0 

3-4802 
log -4729 T-6747, 
log .-B=: 3-81 1.*), 
a; =0479. 

Ex. 2. Find the value of (5-720)’*. 

log X ■- 8 log 0-720 
= 8 X -7079 
= C-0C.32, 

.-. f(!( = 1157000) = 1-107 X 10". 

Ex. 3. Find the valuo of (-02307)^ 
log ftj = J- log -02307 
= 5-3724 

= 1-7287 (ooiTooli to 4 placna), 

.-. ai = -0300. 

Ex, 4. The volinno of a hollow oinnilar oylindor of oxtoi-niil 
radius R, internal rad ins r and length I ia Tr{R" •»■“) 1. 

Find the Volume when 

R = 78-42 metros, r ■■■■: 30-20 ni., 

7= 127-32 metres, and 7r=- 3-142. 

V = 3-142 x(78-42-39-213)(78-42-i-39-20)x 127-3 (approx.) 
= 3-142 X 39-17 X 117-07 x 127-3 ou. m, 
log 3-142 -4972, 
log 39-17 1-5930, 

log 117-7 2-0708, 

log 127-3 2-l_048, 

logV = C-265a 

.-. V ( = 1844000)= 1-844 x 10" ou. m. 
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Kx. S. The periodic time T (in soconde) of n, moss m 
suspended at one end of a spiral spring, tlio other end being 

iixod, is given by T = 2^ > wiiere F is the force producing 

unit displacement. 

If ir::3'MI0, F--=400 poundals and m= 12-9 lbs,, find T. 

log T -• log 0'2832 -I- J (log 12-9 - log 400), 
logC-283== -7982 
i log 1 2-9= -5553 
l-3D3r>. 

|log400 = 1'3011 (correct to 4 places). 
.•. log T = ”05M, 

T=:1'128 sec. 

!Ex. 6. Bolve the ecpiation R”. 7“ ' '— 13“’“^', 

Taking logarithms, 

C6 log R -i- (!>5 I- 1) log 7 = (2;8 -i- 1) log 1 3. 

(m X *0990)+ (ft! + 1) -8451 = (2a! + 1) Ml 39. 

•0837«! = -’2688. 

(0 = - '89 (correct to 2 places). 


HXAMPLES XV, 

Vind the value of 

1. 7-203 X 823*1. 

2. R972*Gx 81*32 X 57-67. 

3. -'^8275-7 X 5297-0 X *00345. 

, 81R-9 X -00320 

-718R' ' 

, 1/598*5 X -07281 x 5*27^ 

;; 82-34“ ‘ ’ 


7—2 


TOO 
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, ^7891 X v/87H5. 
y 8,' ^7MG X \/8753‘2 x V72i-8'. 

9. (823'9)^x (72-64)* x(3-140)^ 

/ . / (32-7)* X (82-75)4 x (97-62)* 

' '(87-62)* ■ 

/ll. If tlio tinio of osoilhitiou (in Bixionds) of ii pondiiliiiii is^ 
given 5yT = 2?r,y/y, find the time when 7r = - 3-1410, ^ rilili 
and ^ — 981. 

12, Find the voluino of a apliero of mdiiiH 078 (umtiniolii pn 
from tlie formula wlioro 7 r=: 3 d 410 . 

/ 13. With certain data it in found that if / in tluj nf n 

pine tree in contimotros^ 

’ 7‘8£xl0'ixir)‘** 

^ -6 x'981x 16 ' ■ 


What ia tho maximum value of I o])(fain(Ml from tluH? 

»/H-, ’ Tf a certain spring in loaded with a kih^gram Ho* 

deproBSion 1.4 given by tZ- eentiinetrvn, 

■ Calouliito tho value of d. (tt ■ - 3*1 ^11 fi.) 

15. Q!’ho loss in Kinetic Energy afbu' impact of 2 ball a of 
masses M and m moving with velocities v ami u liefore innwou, 

ia given hy -J ( ^ wliero o h\ the eoeniehmt of 

elaaticity. Find tho value of this exproHsion wlitm M ^ l{i)7*/» 
grams, m-20l*C) grams, v-\\ ceutimotres per secoml, u U 
coiitimetreH per second and f 3 -.= *GG. 

IG. Find in cu. dociniotros tlui volume of a cylinder of 
height 27*27 dm, and tho radius of whose circidar luiHina fi'^Y 
din., giv^n that Volume ( tt- 3*1410.) 

17. Tho ratio of tho work done to the lieat generateil in 

JohIo’h oxpoi-hnont is Find tho viiluo of (.liin inlii. 

when M l mv:84280 gi-iiiiis, 2W =1821)9 gmiiis, 2,m ’2-77 I ft , 
m = 4870, <-3“-7fi8. 
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' ’ ^ in /i cortiiin ex- 

li.,niiinnt wan 1^73 x -806 n , . . 

760 X 288 ' giu-nis. Oalcuhite tlio valiio 

>f thi« fraotion. 

/ 

-/ 19.' I'l'oiu olwormfciona on tUo boiling point nt two bUtions 
Llu) ilillbi’cnoo in bsvol is found to bo ^ x 790 x 283 

n 11.., , „ -doings xWM'x 27 S' 

L^aloulatij tlio valuo of this cUfToroiica in level. 

,/ 90. Tlio Htrongth of a magnetic Hold ia found from tlio 

Eoriinda a/ • Calculate H when 7r = 3-141C, 

a,^‘MI, K™.379-i), »*=40, tan(?=-0787. 

iSolvo the equations (giving ai corroct to 2 places of decimals) : 

21,' .1"'' , f)'”::. 7^“ ' *. '/22, 6*« i-2 

2ih 3 ’*'' y' 24* 2*^‘'*’* , 7® '’® = 17”+'* 

Jt), J.ho parallax (p) of Castor is find its cUstanco in 

miles from tho foniiula, distance == 206265 miles, wliorc*. 

p// I 

^•■ :l■adi^s of earth’s orbit 93,000,000 miles. 


29. Ifroin the same formula, find the distance of a Centauri, 
whos{> parallax is 0*750". 

27* tuuo takoji by light to travel from a star to tliu 

K 

;nirth is years, whoro K — 20 *49 and P ia the starts parallax 

ill S(X!()jids, .find this value in tho case of a Centauri, tlio nearest 
fixcKl star, whoso parallax is 0*750 ". (tt^ 8*1410.) 

28. Find from tlio taldos tho logarithms of 400, 401, 403. 
Ib^presimt tho change in tho logarithms on squared paper and 
bhnneo diKluco the values of log 400*4 and log 401 *7. 


29, Find from tlio tables tho logarithms of 381, 332, 388 
iiid show tho incroase in tho logaidthms by a graph, from which 
[teduce tho values of log 331*3 and log 332 *8, 
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tables OE LOttAlUTIIMia SINES, (JOSINEH, JOT<1 

68 Since the sine and cosine ai'O never greater tln'ii I . 
their logarithms arc always negative; it m thus hmiu 
cmivenient to add 10 to the logarithms o the ingononudne.d 
Functions, and they are then known as labular Logantliinie 
Sines. Cosines, etc., or shortly Ia)garithmie Sines, C^osines, ei.e. 
The notation is L sin A 


sin A = 10 -I- log sin A, 

V3 


and obviously 

e.g. log sin 60" = logf- = ilog3 - log 2 = ‘2885 - *8010 
«'i'i)87r), 
i 8 in 60 '’ = 0 - 987 r.. 


69. In Tables bf 4 figure logarithms, the logarithmic 
sines, cosines, tangents, cosecants, secants anrl cotangnnis 
are given for all angles between 0" anil 00” at intorvals of 
6 minutes; difference columns aro provided for angle.s of I, 
2, 3, 4, 6 minutes. The numboi-s found in th(3 dHleronco 
columns are added in the case of the sine, tangont, and sceaid , 
since those functions increase from 0" to DO", and mhirmtvd 
in the case of the cosine, cotangent and cosecant, since thorn- 
functions diminish ns tlio angle incroaHes from 0" to DO". 


Ex, 1. Find L Bin ^4“ 

Turning to the page of logaritliinio Biium, wo look in (ho iiivii 
column for 64° and along iho row oontaining 64° to tlu^ iniinlnu' 
in the column headed by 30' (the number next below (led. 
required), this gives 9*9107, Wo n<»w havci to lind tho (Uirer(Uh-M 
for 4', and looking in tlio difforonco column for 4' and in (ho 
same row as before, wo obtain the number 4, 

Thus /vBiu 54° 30' -9*9107, 

4, 

X Bin 54“ ,34' -9 *9 HI (adding for lilm Mino), 
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2 . Find// cos 
t ill ilio last (ixaiiiplo 

/.cus 12" 9*081)2, 

1* 

/. /v cos 12" 4'!/.-: 9*0801 

(sub tracti 1 1 g f < >i’ tl n > cos i n o). 

n stiuli^iit sliould tjhcck Ins work, tluis ; 

)W cos 12" 42' > cos 12'’ 44', 

L cos 12" 42' > L cos 12" 44'. 

' in looking out any value we find a bar placed over tliu 
iguvo, tills moans that the integer in tlio iiexi; row is to 
.od. Thus 

./:see84‘’2d/=-ll’010() and nob 104)100. 
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'h(5SO same fcahlos are used to liiid tlio value of tho angle, 

1 the logarithm. 

iX« 3« Find wlum 71 scorn- 10*8425. 

'urniiig to tho }>ago of logaritliiiiio socaiits, wo lo<dc out tlio 
)or nearest to 10*8425 and sinalka* tliau it j wo find that 
7.socG2"rMj/-10‘8415, 

'liiiii in tlio samo lino, w<^ look for a diflbrouco of 
10(^:8425 .*-8415), 
find Unit it uorrosponds to 4'. 

A 7;Hoe()2"5H'-10'842n, 
jw-02"58'. 

[f the dilTorenco eoUunns do not contain tho uoecssary 
ibor, wo take tho nearest; and if tho number is midway 
veeu two given in tho diiroronco column, wo tako tho 
or, 

Two oxainplcs will ho considerocl to illustvato tins point* 
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Ex. 4. Clivou tluifi L COHOC x 10-‘J217, find x. 

the TftblcH as in the last oxaiiiplo, we find tlmt 
/yCosi!cG”d 8 '=aI 0 ' 926 f) 

(takin*/ tiio nuiiiher iiofivest to 1)217 and groatoi* tliaii itj siiuje wo 
have to subtwiot this tinio). 

Wo now liavo to aeoount for a {Hllbrenco of 49, and find tliat 
a dificreiico of 44 corrcspoiuls to 4' and a dillbrcnco of f><i to 0' : 
and 49 being nearer to 44 than to CG', wo take 4'. 

:« = C°r)2'. 


Ex, 5, (liven tiiat // eoseoa!;- 10‘G884, find x, 
Zoosooir48'==ii0-G89.1 

The diflbrence for T is 6 and for 2' is 12, whoroas Are have to 
aBooinit for a difroronoo of 9, which is midway botAvoon 0 and 12 : 
wo sotcot tho larger angle 2' {except as in Art. 8G). 

.'c-irrio'. 
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Ex. 6. li’itul tho vuluo of sec 108° x tan 20° 13'. 
Exp. Hoo 72“ X tan 20“ 1 3' (suppose). 

log 1« iri L BOO 72° L tan 20“ 13' - 20 
- 10-6100 
•l■ 9 ■G 729-20 
- -1829. 

.Ifixpressioti i- -- x ~ — 1-024. 
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Kx. 7. Iho tlijvijilion (D^^) of fcho vorLical duo to ciuitrifugal 

1 1 f* 180 X GO X 60 . nj 

lorco in laliitudo 1 1 « — - . — hiu 2/, 

■ 289 X Stt 

Find D whon I ^ 55“ and tt 5*M2» 
log D - log 324000 .|- L aia 1 10“ - log 281) log 3* M2 ~ 1 0 

r>f)105~- 2*4609 
9*97J10 10*4972 

15^835 12*9581 

2*5254. 

D=.335*3^ 


70. Shujo cos a ^ siu (DC' “ a) 

coti a — tail (90“ — a) 

^ 1 
si-ca aiu(<)0'' c:) 

1 

COSUC a = ~r — , 

sin a 

tables of logarithniio sines and tangents would be Hufficiont 
to work out all examples. 


EXAMPLES XVI. 

Using Logai’itlimic Tables, find the values of 
I mu 37“ 2 Fxoos72”10^ 

2. ' sin 26“ 32' x cot 41“ 17^ 

3. v'i^n 37“ 33' x.oosoo 22“ 18'. 

4. “,^ ape 53“ 22' x coaeo 22“ 27'. 
oViot 125“ 47' X cos 172“ 15'. 
f3.'' sin 153“ 44' x fctiu 73“ 27'. 
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7. tan 127° 31' x cot 136° 11'. 

8. cosoo l‘t3“ 22' X cot 157° 3'. 

9. ' coa 152° 13' x sco 36° 2'. 


10. Hiu37°15'/coM<17°l.‘5'. 

ll/ tanr)7°32'/«ot<l-7"3'. 

’ 800 22 ^^ 137tanr>r 4- r, 

12. ‘ A t tlui equinox, in lutifcuclo /, tho tiino tiiken fot* tlio ’ 
to riKo is d"»oo I hoooiuH Find tlio valiio of blna m hucoim 
wIhui D sun^H {liainutor -- 32^ and I — 52“ 3r, 


14, f 2'ho coollioiont of dinnuil abomilaon i» *' ^ 

(tc^^a’adhiH of earth;- 3960 miloH, V “-velocity of ^ 

mlha per Hieo., and ?;--oUs{irveF8 latitude 2n‘' 3 1/, Find 

^^aluo. 

i 

15, With a conieiil ponduluiu of huigtli I hmt, 
revohiUourt per aooond, tlio angle of iuclinatioii of the ^IriiiJ.^ 

the vortical k (?, -whoro Avlieu 


n-*7, Y" 3*142, ^;U2*4, 

16/ ■ I'll latitude /, Uni Earth^K rotation cliininiHluja th(i wo 4?; 1*1- 
of a body by vrl i> eoH'-' ^ of itself. Oalciilato UiIh frat5tii>n wlM't* 

C ... m\ 

17/-^ At either equinox, in latitude Z, a niouutain 
Iniigii t is i of eartli’s radius, catoliOH the riiii?h niyH in Uio iiM»r 1 1 i i m ? 


12 /2 
7 rt!<isZV n 


hours before ho rises on tUo plain at the base. 


(Jalculato this time when 

tt::; 3*142, /-=42“32', nioiintaiui*':; 14000 fU, 
and earth’s radius; j 4000 miles. 
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18. J£ a body is projected witli a vei. Toportional to 
second up an inohnod plane, angle /J, at a. 
horizontal, then the greatest distiinco I’eached j 


, , . sill (a *“ 0) n . ^ , 

tiio piano iH “-;x™7i — loofc. Oalculate this 
* cos 0 


2^ cos 0 

foot por second, a=r.:7i)°, j0~32°13', 2^- 

/ 


10, Tim mngo up a similar piano is 


2t6® cos a. ^ 


(j cos'*'/. 

foot. Oalciilato tho range when ?t:==47*6, a=58'’, /?=33“ir>', 
(J 32. 


20. Tim angular olovntion of a foi’b on a lull h feet high is 
(i ; in order to hit it, tho initial velocity must be not leas tliau 

l /IV p J. *..1^ j._ 


\/y/i(l 100800/3) feet per aooond. Oalculate this value when 

a 32, h = 027, j8 - 12” 23'. , , , • i - n v. U« 1 'v. 

. . . i- L . ^vjcJU (xveWcaA.. o V P'- 

¥l n ^ t-urU IP ^ ft H \ 
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,. V 4- j • ^ ' J 


/ 




Mittcollaneous Examples oh Chapter YII start on page 218, 
Tost Pa])or XXITI. 


lOG 




7. *1*111127“" 

8. cosoc 
9* ^ COH " 

:io. 

r CHAPTER VIII. 


IIKI/ATIONS BETWEEN rilK AND ANGLES 

OF A TltlANGLE. 

■l^‘\ 

'71. TiiK ibllowing imporLaiit fortnuluu iiro proviul in 
lihin oil ap tor. 

b c 


S= '' — — 9R 

^ ^ HinA sinB sinO^ * 
(2) ^(i-icosC-hocosB, 

(8) <4® s== ^ 2ab coh C, 




0. 'M- 


(4) ^iu A - Vtf (,s - a) {s - h) (n ~ o), 

(o) A = Ja6KtnC 


( 0 ) 

(7) 

(«) 

(i)) 


/ 

tail 

V 

C08 

</ 

Kill 


« — a) (s - 


2 y- jt(.¥ 


h)(s~o), 

t'~c) 

■«) 


(s ~ a) 




A _ A < 
2'^V - To 

A_. /A-S)0 

2“V bo 


■o) 


B-C 
'«'i -r" ’ 


6-c , A 
(H-c 2 


It lias foriiioi'ly Iwon tlio custom to provo fomiiliio 0- () mm i'j* 
(/Iiiijitor A II I. If tlimiglit advimblo tho studont imiy (i) iluli'r f l 4 «« 
proofi of tlusHo fonimliio, using tho reaiilts for tho oxamiilos on Holid i..M 
V/,; . *’*’ ('Ooo'it tbaso foi’inuliio and take Ohantors Xi, Xil. 

Xm bcl'oro Ctmptor IX. i i . 
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.v^ 


72. The Bides of a triangle are proportional to 
the alnea of the opposite angles, i.e. 


Bln A sin B sin O ' 


Id Method, 


Dtiiw a perp. AD from A to BO or BO 
protluml. 


'I'imn in both ensas 
AD 


AB 


= .sinB, AD^esinB. 



In Fig. 1 


AD . _ 

AC“«i"C. 


AD 


In Fig. 2 ^ sin (180" - 0) == sin C. 

in both OUHOH, AD^iisin 0, 

I'iipiating those valnos of AD, 

isia 0 = o.sin B 

h 0 

■ 

slu B will O' 


nV 


Similarly, 


tt _ b _ c 
will A sin B sin 6 ’ 


Tf ihon sin 0*^1 and fchc 

V(‘lalfi(*n bcjrnimjs 

(f' ^ b 
sin A ^ sin B ^ 

nr l.lin wnll-known fommlao 

, j, a 

Hin 

c 




sin B- 


110 


ktjcmt:ntauy tjuoonometjiy 


I in I A 1^ * 


73-'^ 2?iri Method. 

Draw the circumacribing* oirclo and let tl‘* 

diainGter through B. 

Since the angle in a seinhclrc.Ui in a light a^gh^ 




( / ^ 


I / '''' 

V'''A-|\ 

...Xw y 7 a 

n X. a 





Ill Ij’ig. 1. 

BO . . 

In Viff, 2. 

BC . ' 

3^,-Hni(7r-A) 


— sin A, 



or 

HUi A 

wlkoro R in tlu^ 

riiduiH of the (‘Irciun-cnrcla 

Similarly, 

- r-= ~ .. J 2R. 

Sin A sin B sin 0 

Since 

rt = 2R sill A, 


any chord of a circle — 2R x sine of the angle It 
subtends at the circumference, 

It followH that 

Any tivo chords of a ciroh hear to one another the 
ratio as the sines of the angles which they siddend at (h*- 
v/trcitniferenee^ 
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74. To prove 

f h cos 0 + c cos B 
#>“ffCOHC -h ccosA 
c^*a coa B h coa A. 
I )niw AD })or[)on<licuhir to BC» 



III 1% l> B0-BD‘HDC, 

/. f6 — c COS B eoa C, 

III Kig. 2. BC^ CD-DB, 

/. a — h oos C — c cos (tt B) 
a ~ /; coH C -1- 0 oos B. 


^.riio ol.Iior njsults maybe proved by drawing perpendi^ 
ciilni’H lio liho Hides AC and AB, or wo may say they follow 
dircciLly by synunotry, 

M'liis proiKistliion may bo stated in words ; 
ylm/ sido ({fa inanf/k 

V.5 thf) 8'itni (}f the projeotio'ns of the other tto()^-sfde8 on it. 


112 ELEMENTARY TKinONOMETIlY 

7^ To find the come (yf iin angle in terms of the sidf-^ 
of ike ti'iangle, 

Dniw a porp. from A to BC or BC producod. 

1st Method. 


LeliAD—p, OD = /»;. 

If nnjjlo C is acatoj 

ytt _ ff.yi 

= (p'** -f- le^) + (t" 2ort; 

:= 6- -h (tr — 

“ (r- -h — 2a6 cos C, 

If an^l(5 C is obtuse, 

0^ + (a + a-)- 

— (p*' 'I- H- a'** H- 2 u.7J 

=== ¥ d- ¥ + 2a/> cos (18(1’ — C) 

“ ¥ d- ¥ — 2a& C50S 0. 
in both casiis, 

0 *^ a* I- b*^ Kab cos C, 



9jih roH C — ¥ -I* ¥ — C", 




0)»} ° ^ 


ifl iionbo 


AB'«A[>+BD* 

-iADH(BC-OD)> 

= Ifl Hill" C + (BC - 6 coH 0)»y 
= AD'+(BC + OD)' ] 

-;>*Hm’(ir-C)+lBC + 6caB(7r-C)n jf 0 oUuuo. 
:.jfr'raii*OH(BO-6oo8 0)“ J 

. ■ . AB“ “ Hiu“ 0 + (BC - 1) CM C)* ill boLli awoM, 

iP « Bill® 0 + «' - 2ai COB 0 + 6* WM* 0 

^Ifl + a^— 2((2icohO. 

77 . ^To J'ml tlio uiMfl o/tM a/ngla in teniia of tlm aides of 
(I. trutiiylo. 

llv iinividiiH iirtiolit 

^ lfl + (fl-a? 

ti*A 

Hill* A 1 - »««* A = 1 - 1 — 3iio~~ j 

' "" W ‘ ibo' 

(« + 6 + o) (— tt + & + o) (« - & + o) (ft + 6 — g) 


ia(a~-n)(a-h) {i>-o) 

wliuni S» “ jH- + <Ji 

I A™ i — ft)(»-^T(*“^ 


, MU . 


null Uui-Hi«ii lurtv Ixi nopleotod teoaiiw A iH 1cm tlmn 180% 
jiihI thnnifnini Hin A i'h powibivo. 

Hhiiikrly Bill B - 1- V«(»- <»)(« - 
2 


Bill — — ~0^ 




8 


y\A 


K I EN'J;A 11 Y 'i' UlU ON 0 iM ETil V 


73/ To find the area (A) of a triangle. 


[01 ur. 





By gcoi..(i1.ry 

Hi'oa — 4 . AU . DO 
. o«ln B . a 
1 = ^ ca Hill B 

2 • 

M i . ca . “•• (» - a) (« - ?^) (« - «). 

6(6 

A - Vs (s ” c). 

79 ‘^To Jiml tho radius (r) uf the circle inscnhvd m o. 
triamjle, fuul ienco (AvtH. HI, H2, s:)) llw) vala.i ct 1.1 m> who. 
coKinu ant! tiiugoul. of 
ABO 
2’ 2’ 2' 

By Geometry tlio lines 
biRCCting the angles of the 
triangle meet at tins centre 
of the jnserihed eirele. 

Draw these bisectors irxujt- 

1 1 . I I tr ID 


[Kirpoudicuhu* to tho huIoh, 



then 
Now 


1D = IE“1F = ’- 
A = area of BIO + AlO l-AlB 

=. J.r.BO + i.J'.CA l-i.i-.AB 

= ^ , 9' (rt "h 2i c) 

TH, 

A V (.5 - a) (s - 


/ 



ui r\ n«>r* in rwi t n i nk uuv -x anu ANiii.KS 

U' 

> 0 . l<i[tv<'V. 

r t; II H "> t ■' *i>n o If ' '^> ' y 
I'ln' I i l*"»* “*>>■ t " *' I'll ''III 1 “ '’ ''‘ 1 "" 

’• At At: , Itf Bl); CE CD. 

, At I At. 1 Bf i BD 1 CIM Cl) '..J.v, 

. . ;:Ar I ‘.'.BD \ ;iCD 




At- t BC .V. 



.1. At- I'. 

: WmhU) U 

m 

Cl) « 


r 

Al‘ 

A 

lult . 

1 .^ 

$■ 

y 

u ■■ • if 

A 

lull , 

A ll 

. . y- 


A > ll 

. . /.llllK 

lr.f 


A /(tl ll) (II <!) 
'lUT I’ll I'l”'’' I'lUy .y ii(ii. a) 

\ , A 

' V (.V r()tnii., , 

. I'B 'i ^ , 


A /(« l>) (« •') 


t ill „ 

V 


./) 


B 

y 

/{!l - (•) 

(.1 • 


tun ,, 

- ^ v 

N (w 

i>) 

T 

C 

I 



i.in ,, 

rs 



.. (■) 




, m\ VI’* 

BVii, 




J.J 6 


jijjailONTAllT 'I'lUX iON( )HMT)IY l,‘ • ' ^ ‘ 


/ A 

* 82 , To provo 000 ^ ' 


/s(B-aj 

“ V ha 


A A 

HOO'’ 2 = 1 + 2 ' 

- I + -Vov - «)" 

2 «'' — « (<t + (> i'J"’ 

“ , s (« — «■) 
2 «“-«. 2 s + 6 c 

- ...^. • 


A /«(«"•«) 

.C0H-2-A/ i,,- * 


ihn Yullio 


Biinilai-ly 


k / 

*• 83 . To 


t’OM ■; 


B 

('.OH 2 


iiuluK^ardc..! 


A A 

'ij"" V /-+ 

^OIO” mill .*. is iKin'iUvo. 

“V C(t ’ 

C /.v(s- 7 } 


(U)H , 


prove) 

A /(s^“b)'(8--"c) 

«^’"2 = V -H • 

• A . A ^A /(s--O(s-<0 

sui 2 -t<vu 2 COH 2 = V^ - 

(ArlH. HI, 

1 • B /(s^ 6 K«~») 

Siniiliirly hiU|’ = y ' ^ , 


2 V <ib 


alttirniilivo pi’oofu, flcopp» 117<(| 



hi rwr.KN sun , a ani* an^h.i 



OA !<♦ (u utii| iiiuK*' 

At: AD AH( ♦’); 

DH Hii‘l ‘liaw Dt (mliilli'l in I It 

AUD APB //, 

i)fu) t/.; 

t' i ./• AUU I OIK) 0. 

II .jr Aim 000 OCB 0. 

. A 

II , y (\^ I G) !io 

I, 0 DO Of' or jm 

■ I, I r l-c lil) 110/ im 

•-*” ;.lii. ii m>i nn 

hill O' 

lun MO Cl 
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ELEMEN'I’AIIY TIUGONOMETHY 


(rii A1 


Lemma. Draw the inseribeil and one of fclio escrib'-' 
eiroles of tlie triaiipfle ABO ; let H and K bo tlio inn i In ns. 



LGbBL=BN=a-; CL = OM=«-rt;. 

AN=AB-|-BN=AB-i-BL-:o + rt,', 


AM = AO + OM = AO + OL ===' h -|- a. - in. 
o + ai = h + a — ni. 


Also AN = AM « i (AN AM) -- 
(8(30 mIho Art 


VHl | UKI.A.Tr<»NS HK'1'WKKN TIIK SIDKS ANI") ANdM'lH 117^* 


* 81 . 



KN KD 
NA’DA’ 


Now BK and BH iiro tho oxlKtnial lunl iiiljOk'nfil 

hisiiNtl.iHH ol I'lui Illicit! ABC (iiul !ini (ionsocpioitl.ly !i(i I'ighl; 

Mil i'll IS, 

BI<N -i!)0"- NBKi-i DfsH. 


Tliim Mil! 
Miiiiilar, 


rif^lili-mifi'lcal Iriau^los KNB 
KN.HD«BD.BN, 


Mill] 


BDH 



BD.BN_(8-b){a-c) 
NA , DA H (b — a) 


(Avli, a(».) 


* 02 . 



AN AD 
AK'AH' 


Now ill Mio l.riiuijfloM BHK luiil AKO, 

BHK M BAH I- HBA=.i. ' 13). 

KOMM i B6M=- i (A-|- B). 

AHB = -. IW - BHK:-, I8(r - KOM AOK, 


iiIki) 


A A 

BAH 


KAC. 


Iilin liiuiigloM BHK and AKC aro Hnniliir, 


Mill] 


OOH® 


A 

2 


AK. AH ::=A0. AB; 

AN . AD a (a — a) 
AO. Ab'" bo ■ 


(Avb. HO.) 


*oa. 


. A NK DH BD. BN 
2 KA'HA ” AO.AB’ 


aiiH'o Uio l■^il^n},dl':^ KNB and BDH aro Hiniilav, aJsii 
Irlaiij'loH BHK and AKO nro Hiniilav; 


aln.’* 


A 


{8~b)(s. 

1)0 


■c) 


tho 


IIS KliEMiJNTAJlY TIllOONOWETllY [OHAl'. 

Ex, 1. fclio (iron, o£ tlio 1iriniij;l() wlusii 

rt -= 1<S‘2 oin., h Ki'-J; (! --- l+'fi (im. 
rt=-18-2* «^24'C* 

& = 1G’4 s~a~ G'4, 

«.-:=14-6 s-A= 8-2, 

4<)'2 a-c^lO . 

A = X G'i- X 8‘2 X 10, 

Jog A = (log 24’C I- log C'4 -I- log 83), 
log 24-0 = 1-3909 

log 6-4 « •80G2 

log 82 = 1-9138 

2|' 4-H0 9 
logA=: 2-OnGfi 

A - 1I3*() sHfj* cm. 

.HiX. 2, H aiul nml c. 

-I' - 2ah cas C. 

100 (240 X -8192) 

-244-190*008 
- 17‘992, 

/, 0 — 0*88 (approx.). 

Kx. 3. Ill any triangli^ prove tliiili 
<!oa 8 (Z» - fl coH A) - COM O (« - h (50h A). 

coH D (Zi — c COM A) f j (loa B {it cos C ‘i* « com A — c cos A) 
a COM B cos O 
cos G (« - 6 cos A), 

^ Koto tliiifj Iho fjinnH of Mio mniibovH i)i thcHO two colnnuis iivij llic wiiiui, 



VHT] HKT-ATIONH BKTWKKN TJIK HIDKS AISD ANGLINS HO 


T0XAMr]:;i*^s xyit. 


{On Ihr. nu<\ offormdm 14), Arl, 71.) 


Kinil iln) Hnni of Uh) triaiigln, ^dvoii 

I . rt 1 7 ’ 2 oin. , h - 1 fi • 3 01 u. , o — 1 1 *9 oni , 

li. a - • 2 n Cl w . , /) -= 2 C cm. , c 1 8 ’il cm . 

X a - 18*24 inn,, h - 19*30 cm., <j - 14*22 cnv 
^1 , If a i i 17, h 11 and 0 42^ Aiul o, 

f). h •- •• 1 0, If 14 and A - 72^ Had a. 

(}, n- -18, II, rt- D and D 34^, find /), 

7. Kind Mill A, if rtv. 14*2, />- 12*8, n.. 10*4. 

H, Hin B, if a™ 18*2, 6:- 10*4, f!r7lG*8, 


In iniy Irijuif^dc, prnvn ihab 

i),^ h'^ ■ • - a {h (coH C - 0 (fOH B). 



— a ct)« C 

- a vm B 


mil 0 

Hill B * 


1 1 y (it I h) ( I VA iH G) n (com a -1* COH B), 

12 ./ I- 


, I 3. /ii (i?oa D ' Kin B) l- h (lion A \- m\ A) o, 

1 1. O (it ■ c aoH D) " • If Hill B. 

1 fi. (Iriin A - tan 3) ; ^ (a^- h^) (iau A -I* iuui B). 

1 {]/ (iiid A *1- cat) B) - a’’, 

1 7, / n can A - h non B can C {h cos A - « coh B). 

1 8. '' (/f •!'<?) <i<*H A l- ((f '1^ fi) coH B -I' {ic '1* /)) ooH C — a -(* b -h 0 , 
1 1).'^ (,!•' ■ h‘) <« ..'i" A -I- («’ - o’) <!iw’ D ■!• {Ifl ~ «’) oos’ 0 - 0. 
20. 7 a ijon A I h tios D •)• o <«w O -» 2rtHii> D Hin C. 


OHAPTKR IX. 

iHOT.TrrjON oit^ tiitangijES mru 'jiik aid 

OF LOdAllTl'IlAIM. 


85. I. Hight-angled triangles. 

(i) Qiveji the hypotemise (c) and an anglG (B). 

,% logi — iogc-H/yHinB — lO, 


-- « ros B, , *, log a 5= log 0 -V L ooh B — 10. ^ 

(ii) Oiviin a side Q)) and mi anyle (A). 

B t= c)0” - A. 

t.iin A, log a — log h -h L t-an A — 10, 

,■ — HOC A, /. log 0 — log b -I- L HOC A — 1 0, 



(iii) (Hmti the hjjmienme («) and a, side {a\ 


sin A~ “ , Xsin A !==log(A — logcH- 10, 
c '■ 

B-JUr-^A. 

h may bu found from any of t.lio formulao 
h — a Hin. B, b — a bin B, 

b‘^ — — a^ — (r^ — o.) (c H* a)- 

I'lhi Ondi in gonnnilly nst'd. 
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KTJOMEN'rAllY TUIQONOMICTIIY 




I^^XAMPLEB XVIir. 

Sol VO tho following ti'ianglos right-iingl(Kl ai. C» whoii 


L 

c ~ 

127 2, 

3:= 

. 52” 55', 

2, • 


125, 

Ar 

: 37" 22'. 


e 


a - 

aO-7. 

V 

« “ 

31 -3, 

/>. 

. 20*9. 

1), 

/>== 

122*2, 

« - 

= 230*3. 

ih 

a « 

20*9, 

A^- 

3;r 22'. 

7.^ 

/>^ 

27*32, 

A=^ 

= 15” 17'. 

a. 

c — 

823*1, 


: 237*5. 

9.’ 

h ; . 

123-9, 

a- 

.321*1, 

10. ' 

a - 

: 1*732, 

B. 

. 82” 13'. 

ii.| 

0 -■ 

: 1-532, 

D: 

. 50” M', 

12. ^ 

hr- 

: 17*32, 


.15-10, 


II, Oblique-angled triangles, 

86. To solve the irmmjUy given the mhwH of tho //#jv »• 
sidiis a, h and o, 


Method 1 . Wo may uho any of tho Hmuiihu^ 

ta„ 

2 V «(*-«) ■ 


whoi’o 


"2“V hi-. .* 

A /.s- (.V ~ (/.) 

ho ’ 

2.'f “=< it, 'I- h -I' a. 


HOLV'J'IOK OF YllIANULKS 


12 » 


*• ih(j liicloi of ft triiui|{lo rtw D3'8, 73‘irwit; AikI 
i^iii 1 , 1 , Q Houllcnt aido. lUiughljr oliuuk Uio nsnilb 

a triftiipio YriUi eidw 5*3, S-0, 7 ‘3 ixuitlinoLHiB wwl 
!'<' tii« JLiiijldH -v^iUi ft j)rutraoU)r. 


t'ffitiil i. 


C3-8 

b-. tt-u ■ 30 ‘;i, 

0... 73-1 B 43'«, 

104-2 «-o= 10. 

, B / iO H 30-a 


Vy Uii ■g.,l(lciK 3 l )3 It 9 { 83 - 1 -Iii« 42 -K) |-10, 

Kifj 110 :i r,. 2-4000 logHO-l ^ ^ 1-0143 

3-0407 l»ia 43-8. .1-03 14 
a|'3-63l3 3-1)407. 

T-4000. 

.-. /vUui Jr. 0-4000, 

|r.l6*0'-6 


fciiiK Ltt bill) DMwuHb luilI-iiiliiuUs HiiiM) wu nfUii-wnnlH luvvu to 
111*). 

Bo. 83* 13'. 


l.*V4irii tlia fail lfl^(KMD*4C0& 

(UiT. Uu r-6, di/t fhr *r/0ft-a. 

titm Ih Jb iiodfiMiy to loooant for % dUT. of B and thlfl fa noBrur to 0*0 
to if yea 011I7 odd cm *0^ io Uia Htfifa Inafoad of 1'. 
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KLIiMENTARY' TUIUONOALETIIY 


[CJIAI*. 


87 . Methofl ii, Tho following f:iolution, dupoiidiiig on 
firsi; pi’incii^lcs, is due to Prof. G. H. 

Jlryan. 

Let a bo tlio groat os t of t lie throe 
sides find h>o, 

CD« - D - CA-^ - BA« - - g\ 

but CD-|-DB = a (i). 

a a 

log(CD~ DB)=:l()^i((/j — c‘)-l-log(t-l-e))— log(t (ii). 

l<'i’oiii (i)nn(l (ii) CD tuid DB (iiin bo (l«k.Tiuiiio(l, thoiioii 
B (iiul C aru i'oiiiiil iVoiii 



(SOU B ■ 


BD 


am 0 = 


CD 


1111(1 


b ’ 

A = l.S(r~(BH-C). 


])i’ii\v n purp, oil to Iho groiitost Hido. 

BM -I- MA=--72-1 
UM”- MA^.; BC'’- AC'^ 

= (r)2-H + (52 vs-jiU';!) 

■ := ‘J2'l X IH-r). 

]<)g(BM~MA) ■ dog !)2'1 I- log --]((g72'l, 
log 92-1 ==1. •9(143 
log 13'r):.= l -1303 
3-094(i 
log 72'1 1 -.S riTO 

log(BIVl-AM):^- i-23C7, 

QIVI ~AM-dl7-2r) 

BM •t-AM-^72'1, 

2DM -.89-35. 



IXj 

liut 


KOJ.UTIUN t)F TllIANOUM 
„ 2BIV1 

/. L (JOS B lo^ 81) ‘30 - log 105-6 -i- 10 

lO-h lug 81)‘35 =,.11-1)011 
logl05‘G=- 2-0237 
7yc(>sB^ 9‘l)27l^ 


125 


08. Rmiijk Check 



AB m drawn 7*2 ooutiinBlrcH long and oirclos doHcribod 
wibli B and A as eoutroH and radii 5*3 and 3*9 cejitiraolrcH 

roHpooUvoly. On nujaHuring with a protractor CBA — 32'', 

89. lo solve (I tviitiu/ldf ijiveii two sides und iuohided 
tui<jle. . Q 

Method i. Given 6, o, A ; h>c, 

IjVom Art. 8d^ 

B — C b — o , A 

tan ^ j - (5ofc'^r . 

2 b-\-o 2 

Having dotonniiKal 

2 ^ , and know 
Jomid, 

A lso Hinco 


B^hC 



a ^ b 
sin A ^ sin B ' 
b sin A 

/, 

Bin B 


EiaiMKN'l'AHV THlGONOMimiV 


121) 


[Cl I A I’. 


Ex. If />-372-r5, 395-6, A-.'ITM.')', B, 0 lui'l 

Oliock tlio i-esnlb by clmwiiig a. diagnini as ncat-ly aw jMiNHiim 

SOillti. 


tf, 

III 


Ilfilhod i. 


id 111 


(j-/; .A 

: i>o{, . 

fi W <-> 


cot ]K^37'•fi*. 

7()8-l 

./, tjui log 23-1 -I- L oofc IS" 37'-r> -- b.g 76H- 1 

iog2;i-:i- i-.36:}6 
/y<.-o)ilf<"37'-.5--10-I723t 


11-836!) 
log 708-1.^ 2-8866 

L fciin 8-9601. 


0 -B 

C-i^B 


. ir iVj 


but 

/. c . 70" . 7fr 29' 

B 00" lO'-r) 00" 17' (to tilo iKNii’iuit inniul*^). 
h mn A 

ffi— . 

Hin B 

]o|^^(^6"-log372*n-l'./imu!i7" ITj' • /^nin 00" I ii'*!*, 
log 372*5 r:. 2f)711 
/.Hin 37" 15'.. Q*7820 
^2^3r)31 

7.Hifi G0"10'*r)... 0;0617 
log a;. 2*3014 
/, 240*2. 


^ If ilio nuinbor of niimUo« in thoj'ivon ftiiRloiH (nUI, iL m tKlvinitlilo U* 
nilnin tho *5* in Uio oalculiitionH, 

i' /,GOt 18° 10*4700, llio diffoi'onon fov r-:4 und for 

.% diiteronoo for l'*fi rr 7 (approx ,). 



JX| 


SdliUTIuN «il'' TIlIAN(Jl.i:H 


J 27 



OOt Mrlhtiil ii. This pnml' is ul!!ii tluii to i.’ror. (I. I f. 
I h'^’un, 

It’ A is iiltl.nsid, 

CD /)nhi (I.St)" • A) 

AD - A) 

Dli AD ) .r. 

It' A ifi lu’iil.i!, 

CD • ; /(.sill A 
AD • li Cl IS A 
DB c AD. 

Ums ilclci'iiiiiicil GD iimi 
IJl), \vc Imvc. 

CD 
Dll' 

0 ISO' . (A I B) 



tun B 


CD 


Mill 


) / DB \ 

lu"’’ 


ll'■J•u^illllll!l cun ul, niicn he ii|i|ilicil In nil tilii*.'iii liirniiilMi^ 


0 



<U) /miIiiA 

«■. li>nOI> lii(.{ I /( iiiii II’/ " Ih' ' It) 

ti.j?:i7’il. •.!-1.71l 
Aniii :\r Ifi' ll-7H;!t) 

A III),' 01.) ii UfilU 

Ot) (i). 
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HL13MENTAUV TKIOONOMliTUV 


AD — 6 cos A 

log AD 1 - log 372’fj -I- ij 003 37° 11>^ — 111 
log372'6::^3'r)711 
A««37° 15':-.!)-[)000 
logAD-2~.1720 
/, AD-290’r) 

DB — c “ AD -- ~ 2'J(i'l) 

w . CD 

JNow (tin B =1 

DO 

L (.(in a - log 22fff) - tog 9!)vl •(• 10 
10 -I log 226'D - 12'3531 from (i) 
log 99' I- 1_-09G1 
liiu B -- 10‘3570 

B=:t6C°16' 

0^180° -(37° If)' -i-IKr llV) . 

= 70° 29'. 

00 

n - — - 

Bill B 

log a log 225>r> - I'i Hill 00° 10' •(• 10 
10 •[- log 32B-r)- 12-3531 
//Kill 00" 10'““ 9-9010 
l<,gft-'T-39in 
ft-. 240-3. 


0 1 , Jioiulh Oheck. 

AB is drawn 4cinH, loii^ 
and wilih a pnifcrnotor AC is 
drawn so tlmfi anglo CAB = 117" 
and AC = 3'7 eras. 

On joining CB and moiusur* 

iiig 

CBA = ().5" 
BCA«7«" 



(t — 2'4-5 cilia 1=5 2-15. 


4 


1X| 


MULUTIUN UF Til LA.N(.n vKH 


121) 


92. To salvo u trian^lo, givon two sides and an antjla 

(jiuIj bho inclucltjcl aiiglo). 

Leb h, 0 i\nd C be blie given 
h>kleM and angle. 

sin B sill C 
■ , 

0 

/;siii C 
c 


h 

.sin B — 


U)* 



/ , Z sin B lug 1) -1- L m\ C — lug u. 
I’hiviug detenniued B, 

A-18r-(B-f- C) 


and 


0 will A 
HfiTc ’ 

>g a — Ing 0 -h L sin A /v sin C. 


liijuabiuii iJoineliniuH gives no value Ibr B ; Hoinebiinc^s 
gives one yi\ , and Honicbimes bwo valuos, onc^ being the 
nu'pjdomont other. 

i. If u< hHin C, blujii Hiu B > I and Lhevo ia no Holiiiioin 

ii. If 0 b sin 0, bhen win B - I, and B DO". 

iii. If o>b sin 0, bhen hiu B < I, and wo liavo bo oxamiue 

whether bhere urn oiu^ or bwo Holufcious. 


(1) If o> hi bhen C> B, and no mubbor what C iw, B 
(uiniiob bo obbUHo, obherwiso there would bo bwo obbuHO angles 
in a triangle, 

/. there is only one Holution. 

(2) If 0 - then B C and there in <>nly <nie Holubiou. 

(Jl) If ci< by then G < B, and it in poHsible iV>r B be be 
eibher aoiile or obtviHO, 

there are two solutionM. 

\ This \h oalhul bho AmbiguouB Case, and it will bo nobieed 
; j ibat it only oeeurB when the sulo opj^udto the given angle is 
lens than the other given side. 
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ISLKMEN'J’AHY TIUGONOMBTJIY 


[chat. 

93. 'J’lieao rosiilfca may bo geometrically illuHtratud. 

Let AOX = given angle 0, 

and AC = given side b. 

To obtain the third angular point of the trianglt! a (iin^l'- 
ihi described with ceiitix! A and radius = c; this circle may 

(i) not cut CX; then there is no solution, 

(ii) touch OX; then there is one solution, 

(iii) ciit CX in two points; thou there may bn (av« > 
solutions. 

Draw AD perpendicular to CX, 

AD = AC sin ACX = 6 sin 0. 

(i) If c!<AD 

< b sin C, 

the circle docs not cut CX 
and the third angular point 
cannot be found, 

there is no solution, 

(ii.) Ifo«AD 

- &sinC, 

tho circle touches OX at D 
(or B). 

B == 90”, 

there is one solution. 

(iii) If c> AD 

> h sin C, 

tho circle cuts CX in two points Bt and Bj and there may Du 
two solutions. 




SOLTT'rrON OF TUTANtn.KS 


VM 


(L) If G>b, tlmvo i« only oiio possiblo triangle ABC 
for if ABsfC is .taken, the angle ACB^ is the siippleincnb 
of given anglo C, and is there fore inadmissible. 



(2) If o — hf B,, 001 ncides with C and thnro is only one 
solution. 



(3) If 0 < />, tliore nro t\Vi» 
possible triaugh^H AB,0 and AB.jC, 

HO that B^ABiO or AB.jO, one 
value being tbo supphuneiit of 
the otluu’. 




IH 2 


TCr.HAn'INTAllV TltKIONOAIKTIty 


I ('ll A I', 


Ex. (Vmm /) = : I2’r«, tm<J C 27“ 2!!', lin-l Hi. 

oMifU' auxins and nido, 

Min C 


/.Hill B-logl27':» I /Hill 27" l<i« «!)•;!!, 
log 127-3 - 2-10'IS 
/ Hill 27" 22' V . !»-0r>2r> 
n'-7(i73 
log 59 •2 b.- 1 -772.1: 

/MiiiB-: 9-1)94!) IJ, : = HI''I2' 

Bj->lW)"~ Hr’ 12' !»«" I.'!'. 


['I'lioro iH a wwoiul viiliio of D Hiiino tlio niilo *' oiiintsili' tic- 
givoii aiiglo O tlio otlioi- Hiilo A.] 


Abio 


A, ^ (27'^ 22^ -I- Br 12') : : 7 1/' 2d', 

A, IRO'* ^ (27“ 22' -I- 98" W) * 5 :r no'. 

a Hin A 
a- - ■; . 

Hin O 


log log 59-21 I /Mill 7 r /Mill 27 " 22 ' 
log 59 - 21 - 1-7721 
/Mill 71 “ 25 ' .- !)- 97 fi« 

11 - 711)2 


/fiiii 27 " 22 '- 9-0025 

logrti- 2'^«07 o, : 122 - 1 , 


tun! log rtjj. log 59 * 21 -I- / Mill 53 " 50 ' / iiiii 27 ' 2 !!' 

log 59 - 2 L : : I • 772.1 
/Mill 53 “ 50 '- 9'()()71 


i 


11-6795 
/Mill 27 " 22 '- 0-0025 

logrt,,^ : 2-0170 .l().|.-0. 



SOr.TTTION <ll>’ TUIANrUiKK 




:iaft 


94. Rmufh OheeL liy <lrawitig a trianglo with fiitUw IfJ 
and () units and angle 27", wo can not only chock tlio above 



TOsnlts, hub hIioay the ambiguity. CX is drawn of indofinitn 
length; angle XOA is made equal to 27° and OA cub oil’ 
(xjual to 13 units. Witli centro A and radius 6 units a circle 
i.s drawn; siiuso this cirnle is fouiul to cub OX in two points 
Bi, B., ib follows that there is an ambiguity. 

Joining ABi and ABj wo find bhali 

Ai,0 7«‘’, aS,C « 102", 

CBi, 1*1 iMuiH, OBi M I T \iniU 

96. '/'() .^olvo irian(jUt {iiiuui one side and iwo anr/h.^}, 

Lull tf., B iumI O ]ki lihn givnii valnoK. 

A mr (B I- 0), 

, (tniuB 

Y - , 

HIM A 

(twill 0 
wmA 

log& log a -!• 7/ si n B ~ L sin A, 
log 0 " log (t -I- // Bin C — 7/ sin A, 



1^34) EV.KMEN'J'AnY TJnaONOMWi'UY jOUAV. 

Ex, Given tliafc A = 37“ IH'. B = 72“ S', « = 75-2, fn..! h an<l e. 
O = 180" - (37° IS' + 72“ S') = 70” 40'. 

, a ain B 

b === — ; — r- . 

am A 

Ibgi = log 7r)'2 L sill 72” S' - L sin 37" IS' 
)og7S'2- 1-8762 
/y sin 72" 5'= 9'97M 
fi-SSlG 
/yKiti37"lS'- 9-7 8 20 

log7>- 2’b72(i Sr.] IK-2. 

« ain O 
ain A 

log c rr log « -I- L .sill o — JO ai u A 
log 75-2 1-8762 

/ymn70“4Q';:. 9-9748 

11-8010 • 

7yain37"ir)'r.= 97820 

l(>g«=:= 2-0C90 or=117-9. 


I'lX AMPlVKS XIX. 

((limn ihrea sides, A.i-ta, 86, 87, 88.) 

Piiul liho gi-enfcoHt anglointho following ti-iangkm fusing tun 
iilieiiking tlio nisnltH by (Inuving trianglas i-ougbly to w-nlo. 

1. rt= 127-9, 5-32-3, o- 100-4. 

2. rt- 32-9, 5-S7-31, or. 40-27. 

3. ^ 52-41, 5-39-70, 25-73. 

4. rt- 72-41, 5-36-21, «- S3-2. 

r)J a- 82-30, 5:. 72-4, <i- 120-9. 

6. . 1075, 5 r: 1021, n ^ 1572. 


HOLTnnON OF TlUANOTiKft 


IK] 




Uio Hmallcsb anglo 

(i) by Mathod i, ^UHing win ^ , (ii) by Method ii, 

7 , ^ 6 -a 72 *d, h.~r. 82 f), c- 350 f). 

8. 127*9, 6^:1534, o-c 98‘n. 

lb rt:/i wJ- 82 ‘ 3 : 71 'n: 120 . 

10. a ih ; rt = .721 : 482 ; C48, 

Vun\ all thn anglnH ^uaing tan , 

IL />= 18 * 1 , rt« 14 * 7 , 

12, a r. 12*72, 6^:11*15, rj-10'98. 


KXAMPLlilH XX. 

{(Hvau two 8 uh )9 and indndad angle. ^ .A.rtH, 89, 90, 91.) 

Holvo tho following tiuangUtu ))y Moiliod i., lifting a fonnulii 

(lE l,ltn (.yim l;ivn ,7-- "y ” - not^- and workinft; ' hivlf-anglon ’ to 

‘ a 0 -I- fi a 

tins iMuiroHt haU-ininuto. Oiiocjk tlio roHultn by drawing (lii^ 
llgtinm roughly to Htailo. 

(hjlrnt of (hog ivm mhoifor tho dHomhinatum of the third mh,) 


1. 

o : 

■■ \\7% 

or. 22-3, 

A^- 

:29" 

38'. 

a i 

a- 


43-2, 

C = 

:: 88“ 

14'. 

3.! 

hr 

= a7-;!2, 

or. 5 3-0, 

A::: 


38'. 

J 

a: 

.29-8, 

0 r. 32-42, 

D: 

.26“ 

14', 

r>. 

at 

ir)-72, 

h r. 17-08, 

0^ 

. 87“ 

25'. 

0. 

h 

•• 52-92, 

o:--:in-()4, 

A- 

. 62“ 

17', 



KT.RMRNTAIIY TRICJONOMETUY 


[CHAI’. 


lafi 

Find tlio iNsmaining angloH in tlio following triangloH (0 
Mobhod i., (ii) by Method ii. Chock tl.o rosults by drawing the 
triangles ro.ugldy to scalo. 


7. 

a" 2.')-32, 

5= 42-9, 

C=52”14'. 

8. 

&= 27-51, 

c= 25-05, 

A - 73“ 12'. 

9. 

«= 123-9, 

= 2.32-4, 

B-..= 35“4.3'. 

10. 

5=231-2, 

rt = 245-8, 

A:=.17"22'. 

11. 

U-- 23.5-2, 

/): = 149-7, 

0: = 5.3“14'. 

12 . 

«-•• 125-9, 

« = : 84-32, 

B = = -I'l” 28'. 


FIXAMPLEH XXi:. 

{(■}iw,n Iwo Hules <tml one angle, not the inehuled angle, 
Arts. 92, 93, 9'1..) 

Toint mib whotbor tbo solution will be ainbiguons or noli in 
tlin following cases : 

1. &r.. 25-9, «- 72'r>, cr-.r)rin'. 

2. 192-5, 6=^210-2, A ^=33“ 15'. 

.3. ar-r. 89-2, 82-5, 0=^29“ 13'. 

Find 1,1)0 i-eniaining Jingles (drawing the Agures to scale), 
w\mi 


4. 

n-- 82-8ri, 

//= 96-51, 

A -55“ 14'. 

r>. 

«=-. 72-41, 

fj.. 05^(5, 

C - 62" 51'. 

n. 

nr=421-9, 

531-4, 

A -72“ 15'. 

7. 

5... 17-41, 

c= 19-.32, 

B - 45" 32'. 

8. 

15-49, 

a-..-. 14-87, 

> 

o 

D. 

a:-. 123-9, 

0-172-4, 

C - 50" 37'. 

10. 

C-: 12-07, 

7)= 10-05, 

B ••== 37“ 14'. 


Find the rumaining angles and side (drawing the Agiii'es to 
Rcalo), wlion 

n. «=-■ 182-5, 82-6, A =-•72“ 15'. 

12. 72-95, <)== 82-31, B-42"27'. 



SOLirnON Ol' TIUANGLKS 


1B7 


T^l 

XX ! i:. 

(f liven I wo am f left and one sidoy Art. 95.) 

Vlml tiio iMinuiiniiig HidoH (cjliooking l)y diagrams), ^vlK^n 


j. 

A - in- - 12 ', 

B - 50” ir, 

fl - 123-1, 

2. 

A .•ir." 17', 

c-4r>n8', 

b~--. -12-1. 

0. 

B -- -ir)" in', 

0-72" 12', 

39-05. 

4. 

A 72" 13', 

C .n4‘’22', 

rt-= 17-21. 

5, 

A - 85“ 25', 

B - 42" 10', 

6-. 18-9.5. 

0, 

C- 8-1" 37', 

b-43" 17', 

0= 54-27. 

7. 

A 5-r -13', 

o 

il 

o 

6= 72-15. 

8. 

B r: (i-r 23', 

c=.72"-13'. 

rtr., 18-92. 

9. 

A ==: 5-1" 33', 

B--19“22', 

124-5. 

10. 

A == f>2” 21', 

o- 5-r 37', 

fi-721-fi. 


MXAMPT.lilB XXTTi:. 

, [Afitteellaneojifi.) 

1, Tl: a^’\ry7y 6-10*4, ^!-19‘7» find Urn Biiiallest angle 
^nsing taii ^‘^* 

2 (Uveii that two Hidos of a irianglo am 17*8 and 18-9 and 

tlin ilmUulrd angles 50" 28^ find tho remaining angles. 

W, In Nvliujli of: the following l.riangles am them amlnguriim 
UnlutiiJIlsl 

6:: 17*5. rj^*^15‘2, 0-45“ 22'. 


« 15-2, 

a 

6 

5-17-5, 

A- 33“ 17'. 

«-10-l, 

0 - 05“ 17'. 

givon 6- 

18-4-2, fl- 14-39, 0 = 48“ 5-1-'. 

32“ 13' ivikI 17-42, And tlie roniahiing 
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F,IjT5MENTAUY thkionometry ^ 

C, If two Biclea of ii trianglo avo r)2-<!‘l- an<l 9()'n-2 ami < 
included niiglo 72* 38', find the remaining angloa. 

7. Given that the three sides of a trianglo aro 
IS' 2, find the greatest angle fusing tan . 

8. rt= 18'2, 6= 20-4 and A = 44“ 17', find B and C. 

9. Given that B = 39° 14', 0 = 42° If)' and « - 123-9, liiul 
iT'iinniniiig mclo«. 

10. If 19*45, h r- 21*32 ami A- 14^ Molvn tlio Iriitiij 

11. If Z>=^87 -9, <?-=04*7 and A-= IT*" 15', (iiul Q Ijy M(diln »il 
Art. 90. 

12. Given that the throe mclen of a triangh^ 

and 82*9, find the smallest angle hy Method ii. Art. 87. 

13. Given that a” 28*92, 14*75 and A — 53 15, liii-tl 
remaining angles. 

14. If A = 49“ 15', B =7r 16' and 42*17, find and 

16. ■,/^jl-i veil that tlio t^vo sides and iiujlndnd angh» am Si' 
19*7 ami 48“ 33', solve the trianglo. 

10. Tho three sidos of a triangle are 27*42, 52*45 ami 
find tho greatest angle fusing tan ^ . 

, 17. If A = 37'’ 15', 0 = 49“ 39' and ^r ; 197*4, find h and r?. 

18. Given that & = 19*45, 0=17*32 and Bc:72*Mn'^ 

A and C, 

19. If tho three sides of a trianglo are 542*3, 072 -It 
823*5, find tho angles by Method ii. Art. 87. 

20. Tho two sides and included angle of n. trianghi arn 
08*7 and 53“ 26', find the remaining angles. 

31, If B = 108“ 5', C = 14“ 53' and 18*95, find h anrl 

22. If ft =15*2, 0 = 18*9 and B- 107“ in', find A hy Mnllni 
ArL 90. 

23. Given that b = 24*45, o= 20*92 and B ^ 40“ 28', find 
roniainiiig anglon. 



IX] 


SOLtJ’JlOK Oli’ 




2(1:. A - 02“ 15', B -- 49“ 37' and g ^ 18-41 ; fiutl a ami L 

25. U h = 83-5, 0 ^ 182-4 and A 48° 22', find a, 

26. Hall the difloronco botwcon tlio bas(5 angloH of a trianglo 
m 10° 14' and fcho bUIob adjaconli to tho liaso aro proportional lu 
18-42 and 16*35 rospoofcivoly ; liiid tho vertical angle. 

27. If the hypotoimao of a right-anghjd trianglo in 129*6 am I 
one of the angloH 35° 10', ihid tho remaining sido.4. 

28. ^ If one of the base angloH of a trianglo m 49° 15' and 
thtJ udjuronb side 128*4, find tho altitude of tho triangle wliieli iFi 
draNvn from tho ox.U*omity of tlio given side. 

20. ‘ (liven that tho throo aidew of a trianglo aro 00*4, 100 *H 
and 120*0, find blie length of tho porpendioular from tho greatest 
angle to tlu^ oppuwito side. 

30 If the two KidoR and included (vtu’tical) angle of a 
triangle aro 107*5, 130*4 and 62° 14', find the altibudo. 


MiscellaiKunm ExainpUm oii Ohaptoi’B Y I TT and I X. Htart iu 
TcRtPaporXXIX, page 223. 



(TBAPl’liJl X. 


nUIdllTS AND JDSTANCKS. 

To find fche heiglit. and diBtiuwn of mi inacceHsililo objent 
uHUig two points of obs(jrvabioiu 

96 I When the two minis A and B ara at a known 
distance apart on a horiwntal plane and m the same vertical 
■plane as the ol^ect. 

Ex Walking towiinlH a towor a(, 't inik^a an hour, a iimii 
.^0110 tinio that the angle of olovatmn o lU. h.i. 
lO" 10', and tliroo niiuutoB iifterwarda that it waH ^ 

height and diatanco from tlie tieemid lioiub ol: oltsorvation. 

AB istiiiicB 'Walked in J1 iniiiK. 

.A.J.inilo- 3 n 2 yck 

'Wo have now to Unlc DC uj» 1 
AD togothov by inoaiiH of Koivio otlu»r 
lino 5 iC 'is c 07 ivmie?d io 7 isg ono oj 
iho linos joinhuj their cidrsmilm, 

DO DC DB 

' DB" iin^ 

Hill DO C will DAB 



A 31j2 yttnf B 


DCd 


1 ' win ADD* 

,•102 Hill 02\mii 10" Kf 

’ Kin 21'' 00' ’ 



1 xvjr>TT\<a Axirv rMa'nAVrti7o 




;x1 


t’llAl’. X] llEUMl'l-S AND UIHTANOHS 


M-l 


,„g OO . I»g /, »in M- . r. ™. M- lO' - 1 »> 2i- 5'^ - 

lojT "Ana 2-5405 

/<w.i3-r:-. 0-7242 / 

/AHiiiiO'’l0'-0-24(U) 

21-517:1 

/ .■iu2l“ 50’ 0-5704 

■ l.,gDC. r-0^^^^^ DC=^88-4aycU. ^ 

BO nmy 1>0 ‘ 


1-0 m^O luwl AB l;y luoaus 

*’ D C^’ DC D A ±^}P39. . . 

ba^^da-ba" ' 

whon, BDA = a- « ^ 

DBA “DO 

BAsinac oa a 

-'• aril (« — «') ’ ^ 

an.lt,luiiAO = DOcot«. 



iih 


■ K. A n wl B are at a 

88. ;l. ll'ta "'f lTdti£ tl“ /.•n'»atel, i.«l 

JMiV togotta DO .md AB 1.) 

"“do''°aD "i'.BAC.^^S, 

aS“ad-ab--' 

ADB««'-f- . . 

ABBin«8in(«r£2 
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KlilSMlONTAllY TUIGONOJtliTUY 


ruiIAl’. 


EXAMPLES XXIV. 

\/'l: A. uuiu walking towurcla a towoi’ obsoi'voM *'**'''*’ *'**'’ 

«f elevation of fclxo top in IF 20' and on going CD inotroH n uvau 
it to be 14“ 35'. Find the heigltfc of tho towor in motaw- 

2.' 'riio niiglo subtended by 2 blooklioiiHOS at "• I’!,’*','); 

is 35“ and on wallcing 6 iniloH towards ono tho auglo is toi ■ 
bo D8“ 30' ; what is then tho distanco of tho iMirsoa ti< 
aoconcl ? 

y.h. From the bottom of a tower 250 foot higli tlio 
olevatioii of the Biiminili of a inouiiUin is found o . . 

and from tho top 14“ 15'. Find tho height of tlio iiiounlain lu 

fuofc, 

L 

plauo a^i 
d.8’ 30' and 32 


Tho angles of deprosBion of 2 boats in th(^ ^ 

IS the observer (from tho top of a elifl IBO foot Inglv 
find tho distance apart of tli(5 boats. 

tlr 


25' 


1 5. At a point on tho same level ns tho foot o£ a town', tbn 
towor subtends an angle of 25“ 45', while a ' 

higli oil tho top of tho towor suhteiids an aiiglo of 0 -U, i nm 

tlio height of tho towor in feet, 

G, An observer in a balloon finds tliat Uio angle of dopn^ision 
of a fort is 28“ 15' and on desconding vorfcieally tlirough 580 uM*f , 
liiuls tho angle to be 12“ 10'. Find tho height of the Imlloou ut 
tho fivsii obsorvatioii and the horizontal distance of the tort from 
tho point of aacoiit, assuming that tlio balloon has only htum 
^ moving vortically^ 

7 ' A: ‘ The angle of elovalion of tho siimiiiit of a hill is 10 ' I D' 
■ jl^aiid on walking 1000 yds. up an inolino of V ilO' it is found to bu 
^ ID” 40'. Find tho lieight of tho hill. 

j y 8. From a ixnnt at tho foot of tho mountain, tho olovation of 
; liho observatory on I3ou Novis is D8° 15', and amaii after walking 
'■ 2000 foot up a slope of 32“ finds that tho olovation is 73". Ifiiid 
‘ tho approximate height of Bon Nevis. 

! 9 .“' 

i DO metros 


\wl^ 


i.‘‘ A polo ioans over 16" towanls tho E. anil from a point 
letroB to tho'N. tho angle of olovation of the Humiiiil. in 1 0" 


while from a certain point to the B, th e angle of ulevathm ^ 

^■■1 ^ ' .3.- -1. 1 .. .. — lA- i_- 1 rt 


tTT^'T/'ltTWlN A-VTI^ T^TOrn 1 V7/^Tif» 


1 ^ rr 


X| 


HEiaiiTa ANo nisTANC!T5s 14:1 

'^10. A Iimu wishes to find the bvendth o£ a viver, so from 
ono hank ho tnoasurea tho olovatioii of tlio top of a towor oii tla^ 
npposito bank and fiiula it to be 53" 25'. Ho then recedes 35 feot 
and llnda that the olovatiou la 46" 35'. Calculate the breadth (jf 
tiio river from those obsorvatioiiB. 

A Jind B are two stations 1200 yds. apart on tlu^ 
slioro running from East to West. At A a lighthouse bear^j 
S, 43“ 20' W. and at B it boars B. 33" E. Find the diskamu) 
tjf the liglithoiiHO from the shore. | 

12, The angle of olovatiou of a clifl'froni one point of obaor- 

vation is 11" 35' and from a second point of observation' 
H20 yds, nearer to the clifTit is 65" 16'. Eiiul the height of klu^^ 
eliir. ^ ( 

j 

13, A balloon in vertically ovor a point wliich lies in a diree'. 
llnel)otwoen two observers who are 2000 feet apart, and who.nobt 
the angles of (devation of tlio balloon to be 34" 15' and 59" 25' ; 
ilrnl its height. 

' M, A and D are two points on one bank of a straight river, 
<lmtant (rom nno another 645 yards j C is on tho other bank and 
the angles OAB, ODA arc reapootivoly 48" 31' and 75" 25'; Hncl 
l.lm wiiltli of tlm river. 

15, From tho l^p A of a clilT 590 feet high, the angle of 
edevation of a l)alloou B was obsorvod to' be 46" 36' and tlm 
alight of (hprcHsioii of its simdow S upon the sea 62". A, B and 
H being in tho samo vortical piano, and the altitude of tho sun 
being (M" 31', ihul tho height of tho balloon above SGadevel, 

Ki. A. towor standing on the odgo of a clift’ is viewed by a 
man lying down on tho shorn, Tho towor and tho olifV ini 
niediatoly inuhjr tlui towor are found to aiibtond each an augh^ 
of 20'^ 15', while blu) distanco of tho eyo from a point at tho fool 
<if that part of tho cliff is 22 foot. Find the height of the 
lower. 


'17. Tiio altitude of a o or tain rook is observed to bo 40" 35' 
itiid after walking 870 foot towards the rook up a slope inclined 
at an angle of 3F 20' to the horizon, tho observer finds that tin' 
altitude ia 75“ 45'. l?ind tho vortical height of the rock above 
(he (Irst point of nUservatioii. 
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PXKMRNTARY 'J'HIOIONOMUTIIY 


InilAI'. 


Tn {iiul ike heiaht of an inaccessihle object when the te'O 
B i» » kon^“<„ ,M„. « «"< 
in the same vertical 'plane as the object. 

99, 1, The angle of deva- 

iion DAC at the first point of 
observation A, also DAB nnrt DBA 
nre measured, 

0 DC AD sin/3 sm'y ^ 

B "'AD'AB' r 'siiKa-l-Yy 

’> r>/^ A® 

J sin (a -I- 7) 

ivati 

? 100 . 2. Tlie angle of oleva- 

■ tibn DAO at the flret point of 
obaei’vation A and the two angles 
CAB and ABO are measured, 

D0_D0 

■ . AB AC ■ A B " 1 ■ sill (a I- 7 ) ’ 

A B tan ,0 si 117 
sin (a 1- 7 ) 


DO: 



101 . 3. The angles of elevation of the objeet nt tlo' 

two points of observation am ineaanrod, AB being piu|ien> t 
enlar to AC. 

k Iham a point A tho angle ot elevation of the 

>’;k' mountain duo N. is 15” 20' and ^l" 14 nl ■> 

luigloof olovationof thosumnntisfoundtolie II 2.t. iiinl 

iieiglib of the mountain. 

. AC = DC cot 11)“ 20' 

BO = DO oot 11° 20'. 

BO’-.AO’-AB»::2fi, 

DC'> (col" 1 1° 2.')’ cot" 1 0” 20') 20, 




nRidirn) and dirtanorh 


14A 





UiKDO^ilogr>-Jpogft>tttM)2H.logl'3046] 

InK n r-. -(IQOO R-nD99 -034^ 

•nsno biK i'3(M8>=>lm 

1 .IH Do-.’-mo, ' 9|ijonoo 

•nano 

nOr-lMOSinlliw. 


KXAMPLTIS XXV. 

* ( 

1.' * Fi'oin mo mint nf obaorvntinn, tlio olomtion of the top 
nC Ml nl^iMib is S3' lO' iukI the linne jolxlna the tm <4 the ol^eot 
iim two polute qI olnervetimi, nutko vith the lue JoinlM the .. 
two pnliita of olnervatton nnglm of 6S* 14' end 07* S0'. B.tlie 
(llnlniintt liubwinn Um< two BflO foot, find the hei^b of 

Liui cilflwb. 


10-3 
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IrllAl’. 

. . rm^TZ-irYMI IM n/l'lt I 
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'^2. Au object is Hiwu duo Noilli t,h(( vorl-i( 'u I 

10'’ 2d', l^ind the heighi> of the moun / . , • j 

yl:^ Tbo angle of olovntloii \V. ..i' 

fj, of if. is 45; 36' and ^anofcho 

the formoi’, flic olcvntion is AU 



1300 It. in IniiBtlnil ““r® ,?™;. Vro,,, A ll,- 

“ 1 . 1 , “S tf .“/ni t!:'!™”. “• «' 1 »«" «“ '■»«'■'■ ■■' "■■■ 

tow or J 


/ .if A »<i 0 .» »o p..int. !«» i;,;:i‘ ft’ 5 
„J „ low.., ai.. “e'^.^^rLl ta Ai«i « f -ir.' "■■■' 

I'espeotivoly. The elevation of a towel tiom a ne«>K 
its height 

q:^ a tiPraon at A ob.wvoM blio elovatiou of a UV. f ^ 

“IS i,“ £sSli:.’ 

that tho olnvatioii is now 47 1 n . f i h 

dagstajl’. . 11 , 

other bank exactly opnoaitn tho Aist, tho (loial 
Find tho breadth of tlio nvor. 

10'^ A and B aro tvaj. pints in tho fanio h(UT/.oiiliil 
1250 feet apart ami ^e jii.jlo of «.n • 

gT” 21 ' Mid ir 15' respootivoV^^'ind thohoighf of Ibe , 
0 htiiiig ita top. 


IIKIUII'I’S AND DISXANOKS 
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M180ELLAN;|?OUS examples. 

102. To liiid tho ilistauco IwWcoii two junoceasildo objects 
(III II iKn’isioivttU pliuio. 


Ex. 1. Two forts 0 iiud D avo oliservisd troiii places A and B, 
1200 ft. iipu-vl, luid it is found that CAB=.U00°, DAB -42” 13', 
CBA: •• il7”, DBA - 92“ 10', Eind tho distauco botwooii tho forts. 



Ini' AD ^ ^ log 1200 I- L sill 93“ 10' - - L sin 46“ 38' 

log 1200^= :P0793 

/, sin 93" 10'»^ 9-9997 
13-0789 

./, sill 45" :W'- ^3642 

log AD I- 3-2247 ■■■ AD ^-1078 ft. 

Also log CA - log 1200 I- L sill 37“ - L sin 43“ 
log 1200^^3-0792 
/.sill 37" ■ ■9-7795 ■ 

1-2-8687 

.-. IdgCA- 3-0249 CA« J.059ft 
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ELKMENTAllY TUIOONOMETUy 


[CJIAI’. 


Ill (iho A OAD WO now know two sides and blio iiiolutlod atiyln 
(Hid thus will oaloulato fcho thii'd side CD as in Arb. 89. 


AOD“*ADC 619 

log 619= 2'7917 
/yoob 28° 54' = 10-2680 


ban 


13-0497 
log 2737= 3-4373 

= 9.6124, 


AOD-ADC 


= 22° 16'-r>. 


Bub—-^— = 6r6', 

ACD=8:r22'-6. 


Now CD = 


AD sin CAD 


sin AO D 
1678 sinj^" 48' 
~sin 83° 22'-6 ’ 
log 1678= 3-2247 
/y8iuC7°48'= 9-9275 

13-1522 

/ysiu83°22'-5= 9-9970 
log CD::;: 3-1552 
CD = 1430 foot. 


Ex, 2. A civculiu- tower is olisorvod fi-oiii iwiiits A and U 
860 yards apart, and on 
incasuring the angles CAB, 

DAB, FBA and EBA they are 
found to be 

22“ 16', 19“ 31', 23° 17' and 19° 6' 
roapeotivoly, 

b’ind the radius of tUo 
tower. 

00 CO OA 
860“oA‘860 

Bin 1° 22'. sin 21“ 11' 

“ sin 137“ 66' 

[0AC=:J(0AB-DAB) 

OBA = J{EBA + FBA) 

CAB =1^ (DAB -I- CAB)] 
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Xj HKlUllTS AND DISTANOKS 

00 ^ log SnO -I- Jj Bill 1“ 22' -I- L sin 2K 1 1' L sin 42” d' — 10, 
log BDO- 2*9294 
Asm r 22' -8*3880 
/vsm2r ll'r.9-nr>79 
20*8753 
A sill 42" 4':::. 9^82^ 
log 00- 1*0492 
/. 00- 11 '2 yank 

Ex* 3« A ilagHbair is placed at> tlio middlo of tlio tup of a 
squaro towoi’ and a person standing on tho ground opposito the 
middloof a aido of tho towor and distant 120 feet from it just sees 
tho flagstaff; on receding another 120 foot tho olovationa of tli<j 
top of tlio towor and llagstalT are 27'" and 28" 35', Find tho 
heights of! tho towor and flags tafl’. 


F 



DO - 240 X fioon 
-122*28 foot. 

CDA : = -aun 27"^ I-OIUO, 


FDD ran' 

DFQ==DDA-’FflD 

-BDO-ODA-FBD 

;^G3°~4r aa'-rar/ 

-10“ 07' 

DAB « 90“ I- 'ir aa' - 134“ 28'.] 



liLliMENTAUV TlUUONOMBTUlf 

FE FD FD DB _ »i>^FBpj^Hln_DAB 

DC “ DA ~ ^ ' DA “ Bin DFB . sin DBA 

sin 1“ 35' . sill 1 3^°^ , 

= "HiaeWTsinsr ’ 

,■, W FE.loe i22-a8*x»i..r 


log 1 22-28 = 2 ' 0874 . 
Zsiul" 35 ' = 8 ’' 146 » 
Zsiu 45 '‘ 32 'r= 9 - 86 M 
20-3867 
1 H 217 
log FE« 1 ’2660 


Ex. 4. A flagsbiiff is lixod on tho top <if «• Aud hii 

observer, finds that tho angles subtended by tlio lliigstidl and 
tower at a point on tho horizontal piano through tho hollooi 
of the tower are 10’ and ID’. On walltiug a distaneo ol 
120 feet towards tho tower, ho linds tliiiO tlio liagstall 
subtends an angle of 10°, Find tho heights of tho liagstall utid 
tower. 

CD aucl DE ropi'osonb tlio llagBlair aiul Lowoi* roHprutivi^ly. 

A A 

Since CAD = CBD,. 
tho four poiiita CABD aro coiioyclio, 

ADB^ADE’-BDE 

f::. 00^ --DAE -CAB 

ABD = 180’ - (BAD -I- ADB) 



• Z sill 1.0 or 

L sin IG’ 07' -- 1)''JG'17 
ZBin'J7’-!)-f)r)7() 

To •121 7 


FE- • IH’J I feet. 
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log OD — Uig 120 -I- // Bin 10° — j&ain 50° 

' log 120 2-0792 
y. Bin 10“ 9-2397 

11-3189 

'■ ,/. Hill 60“ - 9-8813 

log cd~. 1-43'1:C oo-27-20foob. 

DE DE DB WlDBE.shlD^ 

AB ■“ DB ■ AB “sin ADB ~ 

Bin 65 “ ■ Bin 16 ° 
sin 60 “ ■ 

log DE-- log 120 i- VyBiu 06 “ •l-y/Bin 16 “ — i sin 00 “ — 10 
log 120 - 2-0792 
yv Bin 05 “ - 9-9673 • 

A Bin 16 “-: 9-1130 
21 •'1496 
A Bill 50 “ =- 9-8843 

log DE-: 1-6062 DE=-= 30-75 foot, 

\ ifw 

’ I'lXAMl'LlfiH XXVL . 

vv'-’ 

(J/iKcedamoten.) 

l/ Tlio l•lovali(m of ii to\m- from ii point A duo fcl. of ibis 
obsoi-vwi to bo 43“ 18', mwl from n point B duo E. of A to bo 
28“ 30'/ If AB= s 240 ft. Had tlio hoight of tho towor. 

Hr A iniui BtiindB on tho top of n wall of height 7i feot and 
obBorvoH tho olovatiou of a tologiuph post to bo ct, ho thea 
doBOOiidH from tlio wall and fiiwlB tho olovabion to be ehow 
that tivo hoight of tho poHt oxcooda that of tho man by 



lo2 


•3. 


./ 


liLEMKN TA IIY TIUO ONOMKTU Y 


lUllAl'. 


- »tvAr;‘^u ilS i= 

Gxtreimty.* : -T^ liitLor aiieln ^v^l« 

at tho extremity from wl'ic i ^ ^IPjjid blm hoif;lit of 

angular lielght of the mountiiiu was 1- 14 . ■ 

the inoiintaiii. ^ ^ . ..fnil/.iin 

•d.. Two forts P and a arc obiHjrvod froiu wo ■ 

A and B, '1350 yards apart, and it is found P • i 

QaB = 43<12', PBA = 32’ 10' and aBA=.= 87“ 12. Oalmilate Urn 
clistiiiico l)pfc^veen fcho forts. 

5 

objoofcH 
tliom : 

rjO"* 13' and 70 


i' A-nian standing on one Uxuk of a straiglit river mooh tiy. 
its ^1 tho fnrtlicr^sido, and the lines joining im positiou lo 
make with the di.-oolion of How of tho river ang e.i oi 
70“ 15'. Ho walks down stream until the (il))( el.i 
are soon in lino, and linds that tho lino joining his 

of tho river, Ho measures tlio cliatanco ho hiiH an(l 

it is 150 yards. What is tho distanoo hotwcon tho (>h)eel.i 

6.' Two persons, P, «, 1000 yards apart, J 

';’S ™ ?'■ • ' 

1 Srof'SLrz'r;. 

in whioii the ship is travelling. 

7 An obsorvor wishing to detorinine tho longth of an ohjeet 
in tlie horiv-onbal piano through his eye, liiids that " y 
subtends tho angle a at his eye when he w inaeertiun position /), 
Uo thon finds two other positions B and C wlioro the ehjeet mi > 
lends tho same angle «. IS.xpress tlie longth of t lo i> i|ee - m 
terms of the sides aud'areaof the triangle ABO and of the angle m 

8 Two stations A and B are in the same vortical plane with 

0 and on opposite sides of it. Tlie altitude o A above Urn lion 
cental plane through O is 175 ft. aud ! J* 

AB to tho vortical are observed to bo 4.1 , 21 H) and .10 .ill . 
■I’ind tho altitude of B above O. 

■9' A ship sailing duo N. obsorvos two lighthouses beariiif.; 
'• N 43“ E and N. 22“ 10' E. After sailing 18 inilos. the light , 
r houses are scon to bo in a lino duo E., find tlie distance lietwem. 
tho lighUiouaoa. ‘ . 




UlOKiHTS AND ]>1HTANCES 
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• iO. A iHH'SiHi «u )i ship Kiiiliiig north sous two liglithouscH, 
whioh aro M miles tipiu'fc, in n lino duo west ; titter one hour s 
Hiiilins one of thorn hears 22" to the west of south and the other 
iV Ih' to tlie west of south. Find tho ship’s rate. 

’ A[. A (lagstair at tho top of, U; tower snbtonds aii anglo 8“ 15' 
i'iit two stations iti a horizontal plane iMWsliig through the foot of 
■yiio tower (listaiH G3 feet apart, the tower and stations being m 
the snmo veithsil plane, Tho angle subtended by the tower at 
tho farther point of obsorvutiou boiiig 17 10, find tlio height of 
tho llagHtair. 


V2 'Pwo oJyedts sitimbocl . in a lino riiiininf^ north and Houth 
am K(i)aniLo(l by a rivor, A pemou walkH from tlio aouthorn 
libioct llif) fool in a diroction W* 34*^ 10' H. and thon^ finds that 
tho liiH*, Joinin^,^ tlm objocsts subtoiuls an angle of 17** If/ at lus 
oyo, J^'iml tlm distanoo botwooii tlni objects. 


la. A tower on tho Kid(s of a hill KubtmidH (iqual angles at 
tw(» points of ohsorvatioii in tho aamo horizontal plane. If the 
( 5 h*,vatious of tlu) top of tho tower from’ tho two points aro C6 
and (>0" lb' and tho distanucj Imtweoii tho puintii 9b foot, find tho 
lujight of the tower. 

14. A sliip ‘520 foot long is at au(?lior witli her bow duo south 
of a lighthouHo, 'VVlion she is lying duo 'R, and W., tho olovatiou 
of tho lighthouse is obsorvod from the Htorii of tho ship to bo 
M" iW and tln^ horizontal angle botweou tho lino from tho stern 
to tlio lightliouHO and tlio dirootion of tho ship CB** 12'. Find tho 
luught of tlio liglithouso iihovo tlio lovol of tho dock and tho 
distance of tho sliip^s l)o\v from tlio lighthouse. 

•mT). a and B aro ooiisocutivo imlostonoH on a straight rijad 
rmhiing K and W., and a distant spiro is soon from A in a dirootion 
N. 22“ AV, and from B in a dirocUm N. 35“ 11 Find tho shortest 
(listaheo of the spire from tho rojid, 

^1(), , A Jlagstair on tlio top of a tower sulitoncla its greatest 
angle IT 14' at a point in tho horizontal piano through tho foot 
of tiio towoV and at a distance 220 foot from tho towor. Find tho 
heights of the tower and flagstair. 

17 .V 1410 angular olovatiou of a towor at a place A duo south 
of it is 28** 30' and at a place Q duo west of A, and at a distance 
235 foolj from it, tlio olovatiou is 17'' 12'. Find tho height of tho 
lower. ' 
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KLKMENTAliy TOJ.(U)N OMK'riiy 


J 18. Two poles a and h foob long rospootivoiy iir*» 
vertically in a horizontal piano so that oacli HubtouuH iiii luiglo nl 
30'" at a point in the lino joining tlieir foot. If ^ and /:f bo tlin 
angles which they subtend at any point in tlio liorizoiital phuin 
at which the line joining their foot subtends a right angle, show 
that . 

^19. A /lagstaii; 35 feet high, standing odgo (if a clili; 

subtends an angle of S'’ 10^ at a slnp at soa, thoanglo of olovation 
of the cliff being 26" 30\ Find tlio distumm of tlio Iiuko of tbn 
cliff^m the ship, 

A statue on tho top of a pillar, standing on lovi^l groiuul, 
is found to subtend the greatest angle 28" M' at tlui oyo of an 
observer when his distance from tlio pillar is 75 i'wl, Fiiid^tlo^ 
height o^the pillar. 

21 y A tower stands on an inolinod plains whoso iuidiiiatitni 
to tho horizon is 8" 17', and from a point 120 f(ud» down Mm 
piano, tho tower subtends an angle of 57'" 12\ Find Mm 
height of tlie tower, 

*22M A person walking along a road liuds that two objorin 
appear to be in the same straight liim making am angle of 'I:!' 
with the direction in which ho is walking. Oii jinxsteding 290 
feet ho finds that tlio lino joining tho olijoots mibbxidM iln 
greatest angle, and that tho lino to tlio uiJaror objont mak(;s an 
angle of 37** with the direction from wliiidi la^ has <?oiuo', J^'liid 


tJie dismneo between tlio objects. 


» 2 S 7 TIio lino of greatest slope of Mn» piano side of a hill run a 
downwards from W. to E., and is iiioliiuMl tho horizon at an 
angle of 32°. It is requircjd to construct a straight railway on it- 
inclined at an angle 2° 30' to tlio horizon. Show that Mm point 
of the ,^mpass towards which it will be dirnelcd is IN, -(’* \V, 

24y A flagstaff 6 ft. high stands on the top of a pyiainitl 
with a square base and tho oxtreinity of tho rfiudoxv just reaelma 
one of the sides and is distant 32 ft. and 21 ft. from tho ends of 
that side. If the elevation of tlio sun is 51°, find Ihn Imight of 
tho p^ylmid. 

2k Two spectators, at two statioim 100 ft. ajiart, olianrvti, af. 
the same instant, tho altitude of a kite, and llnd it to bn 38*’ Lr/ar 
each place. The angle wiiioh tho lino joining one station and tlm 
kite subtends at tho second station is 57*^ 10'. Find Mm height uf 
the kite at the nioniont of obsorvation. 



1 iwm 
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20. Ali each oiid of a lino 1000 yardn long, tlm elevation of 
tho Huininit of a tower ia 8“ 24', and at the middle point of tho 
lino tho elevation ia 10” 30'. Find tlio height of the tower. 


27. ’ A Hphorioal ball of diameter 16 feot siibtenda an angle of 
22" at a man’s eye and tim elevation of its centre is 10\ Firnl 
the lioiLjiit of tho ctmtre of tho ball. 

/ 

28^ A and B ar(5 tlie summits of two mountains which rise 
fr<mi a horizontal plain, B being 1000 ft, aliove the plain. The 
angle of elevation of A as soon from a point C in tho plain (in tho 
Hiinm vertical piano with A and B)is6()”, while tho angle of depres- 
sion of C, viewed from B, is 28” 68', and tho angle subtended by 
AC at B Ls 50”, Find tho lioiglit of A (0 being between A and B). 

‘‘ihh/ 2.'he mutual distances of tlireo points in a horizontal plane, 
from which tho elevations of an inaceoasiblo object are tho same, 
are 732, 820 and 024 yards, Find the height of tlin object, its 
(elevation from ojujIi of the three stations being 36”. 


;r- 


The Dip of tli ^Hmdzon. 

loQ, Lchimu If 0 is the circular measiiro of an ailgle, 
then wlum 0 is indofinitoly smalt sin 0 1 = 0 = tan 0, approx, 

In a (drcle of unit nuIiuH, lot POA be an angle whose 
(dj^cuhir inensuro is 0^ PT the 
tangmd at P and PN porpendicular □ 

ioOA. Thou / ^ 

sin 0 PN , . 

PA ' 


tan 0 - PT. 



Now as P approiielioM A, N and 
T a|)prf»ich A Ironi opposihi sides 
and conHcupusitly PN, tho arc PA and PT got nearer and 
m^ana' in vnluo, until when 0 is indofiuitGly small thoy only 
diilbr from one another by an indefinitely small quantity. 

Thus approximately sin == === tan 0, 
wlieii 0 is indefinitely small. 


I A moi*e rigonum jn-oof of this rcHulb is given iu Chapter XX,] 
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104. If P is a point abovo tho 
earth's surface and tangents be drawn 
from P to the earth they will obviously 
touch the earth in a circle (part of 
which is represented by the dotted lino 
in the figure). 

This circle is called the Visible 
Horizon. If a horizontal piano EPF 
he drawn through the observer at P 
jJien any ono of tiuv angles TPF in 
called the Dip of the Horizon and PT 
{- AT approx.) the Didanco of the Iforhov, 
radius or tlie eartli, and PA ^ A, 

PT'-PA.PB 



— h (h d- 2r). 

enniparison with r, 
ann may Oe iioglectenV''-...^,^ 

therefore practically PT^ r=! 2rA, 

( PT ^ViM. i 

Also tan TPF = tan TCP 

TO 


nr 




_ /2A. 
'VV' 

and sinoo TPF is a small angla, 

/. ijTPF « tan TPF « ffh 
% 

/ /'2/i IHO" 'i 

/rv •/ 


[OJIAU. 



H 

rf r hi till* ■ 


\ ainallcr m( ill 
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Elx. 1. I'ind tljo diHfcaiico and clip of tlio horizon fiom the 
top o£ tho mast of a whip 120 foot above sea-level> asauming that 
the mcUua of the etu th ia 4000 uhlos. 

Hiiico 120 ft. is very small in compirison with 4000 miles, 

(Hstanco of homoii >j2rh 


V 


2 X 4000 X 120 
1760 X 3 ■ 

'2000 

- llllles, 


mile.s 


log ft! = - i (log 2000 - log 11) 
log 2000 S'.'lOlO 
log 1 1 — 1‘0414 
2 | 2 ' 2{)!)6 
logw -- M 29 H 
ft! ^■Oi'l'48 milm. 


M 180° 

Dip of Hi)iT/.nn -■ D r-- • — 

y 

.. /zj 

' V 22 X 4000 


iTxliiO ' 180x7x00' 

f760'x 3x 4000 ■ 22 

37800' 


l(ig37800 . i 4-5770 
3-5137 
leg D : < 1-0638 

D- 11-58' 

/ 


11 

log 22 - I -342-1 
log 4000 3-0021 

2|4-9440 

2- 4723 
log VI - 1‘0414 

3- 5137. 
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Ex, 2. From tlio top of tho mn-st of a whip 70 font nliuv.^ 
sca-lovel, the light from a ligKthouao 1415 foot Ihl'Ii onn jnst )►<< 
seen* If tho radius of the earth is a.s8nmn(l to uo lOOO 
what is tiie distance between tho ship aial lighthouHO? 

PA 7 0 foot, 

LB 145 foot, 

arc AT PT (approx.) si'lrh 

rTOOO^'70 


/2x 

"V ~ 

■v 


1760 :< 3 

3500 

• nnlo!^, 


miles 



TTlogAT^il-Oiaft 

.ire T8 Tl. (iippmx,) 


are AT - lO-.IO niili'H. 


V 


2 X 4000 X 1-15 

IJfiOxH " 

7250. „ 


tuillM 


log 7250 -3-8(i0:i 
log ,33 =, l-niSD 
2|^341R 
log TB.= J -1709. , 


■•, are TB = - M;-H 2 Jnilc i. 


DiHtiinco AB AT I- TB « 25-12 mihw. 
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EXAMPLES XXYII 
[tt^^ mcliiia of earth = drO 00 miles,] 

L Eind the distance of the visible horizon from the top of 
u mound J150 foot liigh. , 

2, Find the dip of tlio horizon from the top of a ligliihoimf 
I ' 0 feet higli, 

y 3. lamp of ti lighthouse is 300 feet high 3 how far away 
4^au it he seen? 

4, From the top of one lightlionso IfiO feet lugh the liglit 
of auothor 200 foot high can just be soon, Calculate tlie 
iipproximato distance apart of the lighthouses. 

n, l^rom tlio top of a slopes mast 70 feet above sea-level, tli(‘ 
lamp of a lighthouse can just bo s{«in. After sailing towards 
1.1 le lighthouse for I hour the lamp can be seen from the deolc, 
30 f('.et above seadevol, Find tlie rate of the sliip^H sailing. 

G. From the mast of a ship 80 feet liigh tln^ hiinp of a 
liglibhouso is just visible at a distance of 80 miles. Wluit iu the 
lieigbt of the lamp? 


r. 




rfxxxv, p. 228. 


Miflcollaiifioua ExainploH on Ohaptoi’ X fitai'fc in Tnat Paper 




15{)ft ET,EMKNTARY 'J’UIOONOMIO’mY |(!||Ar. 

A Uendian\^ a great eivclo> pissing ti.rougl. the tnrreslriul 

poles (NABS), ^ 

A small circle of tlm earth parallel to the equator is ealleil 
PavallBl of LoXitude* 

The Latitude of a place i» its angular (list.mce from tin- 

equator measui’ed along the inoridian (AOB). 

Tlie Lo^vjitude of u place is the angle between 
through that place and a certain lixed nierulia.i (usually that -• 

Greemvicli) (COB). 



EXAMPIiEB XXVTT A. 

1, Two places are on tlio equator luul liOO nultjs apart, 1 1 
the earth's radius is 4000 miles, ilnd their (lin'ereiuje in 

3, Two places on the same moridiau have latitufh^s Hih*' K* 
and 32° B. Pind their distance apart ineasur(Hl <jn the 
surface. (Radius = 4000 miles,) 

3, Tlie latitude of Edinburgh is 00° X. ])'ind its diKtniir^^ 
from the earth's axis and also its distance, muasured ukmg tU^ 
surface, from the equator, (liudiua 4000 miliis.) 



X] 
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4. Tho am o£ the meridian of longitude between Chartvea in , / 
latitude 48“ 25' and Toulouse in latitude 43° 36' is 335 miles. 
4*'ind tho radius of the earth to tho nearest tenth of a mile. 


5. Two places on tho same meridian are 287'2 miles apart. 
Tf tho oiivth’s diamotov'is 7920 miles, find their difference in 
hititmlo to tho iieiiroat minute. 


C. Find tho difference in latitude of two places on the same 
nioriclian on a gloho of diameter 6 feet, if their distance apart, ^ 
ineaaurod along tlio surface of tho globe, is 17 inches. (Anawer 
to tho nearost minute.) 


7. 'l.’wo places A and B on tUo earth’s surface are on the same 
piirallol of latitude 52° 30'. Tho difference of their longitudes is 
32" 1 5'. 'Take the oartli a sphere of such a size that a mile on 
tho Burfaeo suhteuds an angle of 1' at the oonbro, and find 

(i) tho radius of the pavallol of latitude on wliioh A and B.lio, 



(ii) tho distance in a straight lino between A and B, 

(iii) tho distance between A and B along a great circle, 
that is, along a circle which passes through these points and has 
its contrn at tho ceuti-e of tho earth. 


(,r = 3'UlG.) 

S Tho aneiont Greeks measured tho latitudo of a place by 
settiiiK up a vortical md and comparing its length with the 
length of its shadow. Supposing observations taken at mid-day 
at tho otiuinox (when tho sun is vorbioal at the equator) to give 
>. as the ratio of rod to shadow at Aloxandria, and ^ as the 
iUio at Carthago, find the latitudo of each place. 

0 A ship sails at 7 miles an hour along the parallel of 
latitudo 46° from Halifax in loiigibudo C3“ 40' W. to Bordeaux 
ill h.iigitudo 20' W. If tho radius of tho earth is 4200 miles,- 
whiib in tlio time of tho voyage 1 

1 0. A and B aro two places on tho earth’s surface in latitude 
(10°, and their dillbronco of longitude is 32°. If the earth bo 
taken ns a sphoro such that a mile injured a ong the equator 
mibtendH an anglo 1' at tho contro, find tho distance between A 
and D measured along the parallel of latitudo. 'Taking the earth s . 
I'udiuH an R, obtain an expression for tho length of the clioid Ap. 

11—2 



KTiKMENTATlY TRiaONOMKTRY [OTTAIV 

The angle between a straight 
tine and a plane is tlio angle 
between that line and its pro- 
jection on the plane. 

If BC is drawn perp. to the 
plane XY, then the angle botweon 
AB and the plane XY is BAG, 

'The angle between two planes 
is the angle between two straight 
lines drawn perp. to the lino of 
common section, one in each 
plane. 

If XY is the lino of section and 
AB, AC are eufch perp, to XY, 
then BAG is the angle hotwoon the 
planes. 

It is proved in books on Geometry, that if atmigbt; lim^ 
is perp. to two intersecting straight line.H it Ih ]ior|). to tlir 
plane which contains them. 

Ex, 1. On a hill sloping at IS"* to the horizonUil plane^ 
a track making an angle of 50“ with the line of greulcsl 
What is the length of the track to the lop of tko hUl which ri 
1500 feet highi and what angle does the track ‘/mike with the 
horizontal plane 1 

Let AB be the track, FACB the hill aide, rocUaiigiihu' in 
and ADEF tlie Imrizontal plane through 
FA, E and D being the projections of 
B and C. 

DAG -- 18“, CAB == 50“, 

EB = DC :== 1500 ft. 

1 

1500 AC * CD cos 60“ sin 18“ * 





cos 50“ flin 18“ ’ 
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lu|^ luOU - 

lu^rAB :i‘87B() 
AB 1 7 r>ru ft'di,. 


/.Kill . 18 ":.:: !)'-U )()0 
y.coariOV. i )-8081 

10*2981 


Sim-r, AE in ilin j^rojoctioH o£ AB on tliu horizouiiil pl»uu5» 

/, anj^ln AB iniikoH with liorizoutal is BAE. 

BE ^ inOO Kin IS" c<is HO" , 

sui BAE-i , ItS cos DO » 

BA u»00 

Jj mil DAE -- 0*2981, 

A BAE-ir28'. 


Kx. 2 . //’ //mi vMtr.nnlnuyH AB, a6, AD tif n 

tuHjnlnr tioUilmui I, 2, 8 find the (vntjh bvJwneH 

ih*\ /^/m/mi ATE nml //m; huM A BEG. 



Draw FN \m\\u to AE, Mioii siiUMi ND is thn projuatuin of NE 
on Urn jilnuii ADEO, it follows Unit Uin jLnp;lo liotwouii AFE iiiid 
Aiu:o is FNIh 

BN, AE 2AAnE:^AB.nE, 


I M 2 


BN 

BP ■■*Vr> 


Jti Jti' 


i-iiii BNP • y ■ = :: 5 -.'jrclo, 


UNP. ■i'.r Dll', 
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EXAMPLES XXVTJii. 

1 In a rectanguliir »olkl, tlireo cotorminous tulgo-s AB, All, 
AD are 2, <1, 6 inches respectively; lind the migliss hckwtwui lln. 
diagonal AE of the solid and .these three edges* 

‘2. A door ABCD, 7 ft. by 3 ft () in., i« tui’!U5<l round^ thn 
lino of hinges AD through an anglo of liO" into a now iJOHilinn 
AB'C'D ; calculate the length of OC' and tho anglo CAC . 

3. A right-angled triangle ABC, right-angled at B, in whUdi 
AB = 3, BC = 4, is in a horizontal plane and is rotated round AO 
through 24” into the position ACB'. Calculate the angloH whiidi 
B'A and B'C make with the horizontal. 

4. A 8et-s(piare ABC, right-angled at B, is in a voidiral 
plane, AB-4 and 80 = 5 inches, AB being vortical and ISO 
horizontal. It is rotated round AB through an angle of in<u 
the position ABC', Find the angle CAC'« 

Verify by a figure drawn to scale, [If D is tho middle pi.. t»f 
CG^ draw a « CBC', ABD, ADC.] 

6. In any cube, find the angle between a diagonal and I ho 
diagonal of a face which meets it; also find tho anglo 
the diagonals of any two adjacent faces, 

6. OABCD is a right pyramid on a square base ABCD, ( 
height being 12 cm. and the side of tho base 8 cm, Fiiul (Imi 
angles between 

(i) OB and OD, 

(ii) OB and BC, 

(iii) OB and the plane ABCD, 

(iv) the planes CAB and ABCD, 

(v) the planes CAB and OBO* 
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7. If ABOD, PQRS imi tlio lltior mid wiiliiiff of ii room, 
A lioiiiK viTlIrally iiliovo P, B iilwmi Q, tiUs., ciiloulato tlio angles 
liol.wcoii AR and AO, and liotwoeii AR and AS. 

AB 1 » BC : Mi foot, AP - Ml f(sijt. 


R. Tlu) iilimo tuc!o of a liill mIojioh ab lO" R) tlio lionzoiifcal ; 
a iialli r><) yai'da long on Hio lull niakoti an angle of 50“ wibli bbo 
lino of groaloet hIoiio ; oaieulako Uio vertieal lieiglib of tho top of 
tlio palli aliovo tlat liotbuin. 

it. A drawing lioard ABOD Klopos at an angle of 115“ to bho 
liia-izonlal ; bho htwov aide BO ia horizontal, and O a point in ib; 
OP ia 10 inelioa long, lioa on the drawing board, and inakoH an 
nnglo of 10’ w'itb 110. Find the vortioul hnighb of P above BC 
and dt'dneo (lie alopo of OP. 

10. A rliaain in level ground in bminded by paiullo/vorbioal 
nidea. The ilepUi AB of the eliaam at A ie wanted, and, it being 
iiupo'isihlo to tah’O ineaMuroiiionltt from O, bbo point opposite A, 
a point 0, 50 ynrda along tbo aide from C, in eboHon. Tho angle 
ABU ia 1 : 1 “ ami the angle ADC 01 5*.!“. Find the depth AB, 

11. A regular pyramid Iniu a mpnire base, ',1'ho fanes are 

i'loarel'ea triangloa Imving tlin base angli-a equal to 70“. Bupposo 
mieb a pvtainhl nmde of mrdl.onrd, the base meuMnr ng d ein, in 
the aide. Hnpjioae ib nlit along tho alaiib Hides and sprcud out 
llab, and draw tl da flab lignee. 

Find the inelinabion of bho laeoH ot bho original pyramid to 
iho liiiso by drawing and by ealimlubion. 

M.!. Tim line A of greivleal. tilopo np blie plane faeo of a bill 

/•!« ill 100 (2H vertieal and 100 liorizmital). notermnio 

graiihieully the sloim of a patli B w'hieh makes with A an angle 
of •It)'. Hive the answer an no many in 100. 



CHAPTER XI. 


l-’UNOTIONS Ob’ COMPOUNJ) ANULKM. 


Impiirltinb forinulao pi'ovcd in this chaptor ! 

1; sin (A d- B) =1 sin A cos B + ooa A sin B. 
2. sin (A — B) = sin A cos B — cos A sin B. 
S. cos(A-(- B) = oosAoos B -sinAsin B. 
4 'COS ( A — B) = COB A cos B + sin A sin B . 


5, 


1 /A . o\ tan A + tan B 
tan (A 4 B) = = — v— . 

' 1 — tan A tan B 

tan A - tan B 


y. 

10 . 

11 . 

12 . 

13. tan3A=:- 




[\ 


0. tan (A — B) , . . . , ^ . 

. l4tanAtan B 

7. sin (A 4 B) si^ (A — B) = sin'® A — sin® B. 

S. sin 2A = 2 sin A cos A. 

cos 2A = cos® A - sin® A. . 

. 2tanA 

tan 2A - 

Bin 3A =38inA — 4Bin^A, 
cos 3 A == 4 COB® A — 3 cos A. 

3 tan A — ton® A 
1—3 tan* A 



(:J1AI\ Xl] FUNCTIONS OF COMPOUND ANGLES ' J [VI 

•j ' ' > 

106, To prove ■Gooinetiicaliy tho Foruiulao ' -> 

Bin (A + B) — sin A cos B + cbs A sin B, 
oos(A-l- B) = cosAcos B — siiiAsinB. . 

C'us(3 (i) -wlion A -h B < DO'', 

Lot) ' N01VI:-:A, n6p-B, 

1 A , . 

tlieiL POL^A l B, 


Ij(^t op = unit of loiigtli. 

Draw PN, NM, PL, NK porpendioiiltir to 6 n, 0(VI, OM, PL re- 
wpuetivoly. 


Thou since PN and PK aro respectively perpendicular to 
ON and OM, , / 

kpn = m6n = a. 

Also ON = OP cos B = cos B 

PN = OP sin B — sill B 
LM ==: KN — PN ,siu A ~ sin B sin A 
OM — ON cos A — cos B cos A 
OL OP cos (A d- B) — cos (A d- B). 



Now 

OL = OM-LIVI; 

, ' 

(MW (A -1- B) = coa A coa B — sin A sin B. 

Also 

PK — PN cos A = aiji B coa A 


KL = NM = ON ain A = cos B ein A 


PL = OP sin (A + B) = ain (A + B). 

Nuw 

PL=KL+ PK; 


sin (A d- B) sin A cos B d- sin B cos A, 



K LKMKNTA IIY THIUON OMJiTll Y 


106. Alitkii. 

PL 

sin (A + B) = ^ = 

NM 
' ON 


KL + PK_ NM 


OP 

ON PK 
' OP ^ PN 


OP 

PN 

OP 


PK 
■ OP 


= sin A cos B + cos A sin B. 


^ OL OM-LWI 
cos (A + B) — Qp - Qp~ 

_ lO lyi _ KJN 
■" 0F> OP 
OM qN_KN PN 
■“^'OP PN'OP 
j = cos A cos B — sin A sin B. 

107. Ottso (ii) when A and B ai’O bo(ili iiouio, 
>90°. 



Constraotioii aa before ! 

, ON = OPcoaB = coaB 
PN = OP sin B = sin B 
LM = KN = PN sin A = sin B sin A 
OM = ON cos A = cos B cos A 
0 l. = 0Poo8P0Ls=-cos(A l- B). 


Now 

A-lso 


Now 


-OL=OM-LMj 

/. oos ( A -I- B) = cos A cos B - sin A sin B . 

PK = PN coa A =Bin D oos A 
KL = NM = ON sin A = cos B sin A 
PL =. OP sin POL == sin (A -I- B). 

PL = KL PK ; 

ain (A -i- B) = sin A cos B -I- sin B cos A. 
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J 

108. OaHO (iii) A acuto, B obtiiBe bub A -i- B < ISO"*. 
Oonstruotion as l:)«foL’o : 

A 

ON i^OPcoa PON--0DSB 

A 

PN OP Bin PONrxfliiiB 
LM « KN PN sin A Hin B sin A 
OM ON oos A - cos B cos A 

OL OP cos POL:.-^ - COB (A I- B). 

Now 

OL==-.OM I- LM, 

— cm (A •!' b) — COB B COB A F sin B sin A; 
cos (A I- B) - cos A cos B - sin A sin B. 

Alsi i PK PN cos A sin B <sns A 

KL ~ MN =5 ON sin A cos B sin A 
PL OP sin (A i- B) == sin (a I- B), 

Now PL::=PK-KL; 

.L sii^A B) sin B cos A *1- cos B sin A, 

109. 0«ao (iv) when A and D arc bobii obfciisuj bub 
A I- (3 > 270“. 

(Jonsbruotion as l>oforo ; 

O N 0 P cos PO N - cos B 

PN- OP sin PON -sin B 
LM... KN::- PNHln(lBO’‘~*-A^ 

Sill B sin A 

A 

OM^-iONcort MON 

(- cos B) (”• cos A) - = cos A cos B 

OU-OPCOS POL 

=.. (!IM {300° - (A I- B)} ==«0H (a •)• B). 

Nt)W OL OM LM ^ 



cos (a B) - 

- cos a cos B -- sin B sin A. 


Also 

PK- 

.PN coa(180“-*-A)- 

— 8111 

B COS A 


KLt. 

S NM=:0N sin (iSO**- 

.A) = 

—.cos B silt A 


PL- 

.:OPsin {B60“ - (A-p 

B)} = 

- sin (a F B), 

Now 

PL - 

: KL h PK; 




\ sin (A B) rn sin A cos B -I- cos A sin B. 

.y^rhoro M'O obbov eases 'svhioli aro lofb as an oxevoise for bhe 
afcudonb. 




4 * 



KIJCSlENTAliy TltlCfONOME'i'liy 


[uiiAl\ 


164 

1 lO* To prove geoinokically the FoniuiUio 
j ,, sin ( A — B) - sin A gob B — sin B cos A, 

^ ^ ' cos ( A — B) “ cos A cos B -f sin A sin B. 

(Jiise (i) when A and B < 90"". 

NOM=A, n6p:=B, 
then POL^A'-B, 

0 P = unit of length, 

Draw PN, fsjM, PL, NK porpoiiclicular to ON, OM,- OL, PL re- 
spectively. 

Then since PN and PK are respectively perpoiidieular to 
ONandOM ^ 



also ON =s OP cos B — cos B 

PN « OP sin B — sill B 



LM = 

KN = PN sin A = 

sin B siu A 


OM = 

ON cos A = 

cuH B cos A 


OL = 

OP cos (A — B) = 

cos (A -- B). 

Now 

OL = 

OM -1- LM; 



cua(A — B) = 

cos A cos B -1- sill j 

A sill B. 

Also 

PK = 

PN cos A — sin B 

cos A 


KL = 

NM ==ON siuA = 

== cos B sin A 

Now 

PL = 

0P8in(A-B) = 

siu (A - B). 

PL« 

KL~KP: 


sin (A — B) == siu A cos B — sin B cos A, 

iho other casoH whore A and B aro larger angloH anj leit 
for iho sbudont, they arc similar to those on pp, :t()2 ami Wl 


o 


FtINOTIONS OV COMPOUND ANOLKS 


1 


,/ 

1 1 . Alitkii. 


sin (A - B) 


_PL_KJ-™PK 
"OP"' OP 
_NM PK 
" OP OP 
NM ON PK PN 
"ON ‘OP PN ’OP 


= sin A cos B — cos A sin B. 


OL 

OM - 

hML 


'op-' 

OP 


OM 

ML 



■'OP'‘ 

'bP 



OM 

ON 

KN 

NP 

■“ ON ' 

OP ■ 

’■ N P ■ 

OP 

COS A 

cos B 

-1- sin 

A sin 


ICo 


lia. The sbirlonb will nniMilm following gcoinoUioiil proof 


1 1 



Tiio figiivo (^xplaintt \{,w\t 

Whs nuluirt tlio <drcU^ oE U^ngt.b. 

PQ'^ :(PN t aM)‘’H MN^-^(PN ■l-QM)“-l (ON-OM)^ 
: ^ (hiii a 'I* Hill uy I- (ooK A ooH B)^ 

: : y ‘iHin Attin □ — 2 cc»rt A coh B. 


jVgain, PQ«:::PL.PP'-^‘2PL 

2 (OP OL) 
tr:i2 2oac(.»H (AH- B) 

; ; 2 — 2 (50H (AH^ B), 

/, 2-2 (H)S (A H- B) - 2 H- 2 Hin A mn B - 2 ook A cos B ; 
/, <!()H (a I' B) <5i>H A t^<JH B • - HIU A Bill B. 
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TMJrH^rEAl'rYlil KXAMPJiKM. 

Ex, 1. To (incl tho valiio of win 105®. 

(fiO® H' 45®) 

- Hill 60® ooy 45® 1- sin 45® oos GO® 

I I I 

*2 • 7a '■ 7a • 2 
73 + 1 
i*7r' 

Ex. 2. 'J’o liinl Um) vahio oP coa ITi". 

MW lf)V-zcoa(4r)‘“--30“) 

__i 73 ,1 1 7i’ i-i 
72 --T''' 72 -a'" 27 a 

Tlie aliiwlMit will notico that wo might havo aaid 
sill 1 OR” r.. siti (90” I- 1R“) coa TR’. 

Ex. 3. 'I'u pro VO (loa (00® H* A) -- - hu \ A. 

ooa (00® I- a) -- ooH 90® csom A ™ hui 90® fjin A 

- 0 - Kin A 

- - fiiu A. 

Ex. 4i Provo tliiit 

(50H 08® 20' COM 8® 20' -h cok 81® 40' coh 21 ® 40' r. i , 

Wo noLico that 68® 20' and 21® 40' arc ooinplomoutary, and alnu 
that 8® 20' and 81® 40' aro oomplomontary, 

iiiid roil Kill! boring Kin (any iinglo) r:^ ooh (its ooniploinout), 

COM C8® 20' coH 8® 20' •[• cok 81® 40' cos 21® 40' 

= sin 21® 40' cos 8® 20' sin 8® 20' cos 21® 40' 

-sin (21® 40' •[. 8® 20') 
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l^XAMFhl'lH XXVTTI, , 

T 



2^1) I'- 


■['"j V 


■ I) 




‘.n 


; ; 
\ 

/ : 


mV 7.,, a 

r 

\ ./% 

fj. 


'ib ' 

f', 


V-i' ', 

\ 


)vo t)ni() 

l/ 8 inir)%.= (!OK 7 r>v = 5 ('~ 7 ^ 

2.' (,o« tor.'>.= 

:(/ Hiu(l) 0 “ -A) v(r|,sA. 

sin (1)0*’ f A) am A» 

T). sin (180° *- a) sin A, 
fi.' sin (180° s A)- -Kin A, 

7. non (00°--^ A) -Kin A. 

8 . ooK (1)0° I- A) ‘ - Kin A, 
i)^ 008 ( 1 80“ - A) cos A. 

lo/ OOH( 180“1 A)=:::-<!0HA. 

I ! 7 Hin 28 “ oos 7 “ l- doh 28 “ hIu 7 “ - 
I y oos 88 “ 008 28 “ I- Hill 88 “ nla 23 ” I ■ 

187 Hin 78 “ 32 'ona ir 28 ' i- aiu 11 “ 28 ' cob 78 “ ' 33 ' 1 . 

- 1 4 . sin 17 “ 20 ' cob 12 “ 34 ' -I- mu 72 " 34 ' «in 12 “ 84 ' = i 

I ii/ coH (A I 0 ) ooH f A - <l) - Bin (A (■ 0 ) Bin (A - 0) is indopondent, 
E 0 . 

■ 10 , ^ sill (X -I- 40 “) oos (X i- 80 “) — oos (X i- 40 “) siii (X i- 30 “) is 
inlo|Hindonb of X, 

1 7 , ' sin (A I- 48 ") =.; (sin A I- ooH A). ' j. 

18 . Bin (A - 45 ") (Bin A - oob A), i 


f I 

1 0. OOH (A 45") : .A (oob a - sin A). 

I 

I 1 

20. cos (A ~ 45") - iy (oos A I- Bin A). 

V 


m 
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[^MiA !*• 


21. sin (A -h A-hcoH A). 

22. cos (A — 30*’) I (^3 cos A + siii A). 

23. ^ sin (A -i- B) + cos (A - B) ^ (sin A *1^ cos A) (sin B i- cos d)p 

24. sin (a B) -I' cos (A B) =; (sin A 'h cos A) ((;os B — hIu b). 


25. 2 sin h- A^ cos 0 -i* (!OS (A -l- B) h sin (A B). 

2C)/ 2 *i‘ cos r '(((w (a -I 13) — sin (A ► * B). 

^ . /3 1 

27. fiivcn sinA--^j-, cos B juhI liliuf; A mnl n nv*- 
A 

acute, find sin (A -h B) and cos (A - B). 

■ , 1 T 

2cS. sin A ~ cos B - find sin (A l- B) and cos (a •• B), 

■ , 1 m 

29, sin A - , cos B , find sin (A ■“ B) and cos (a i l\), 

Provo that 


30. cos 5 A CO.S 3 a -h sin 5 A sin 3 a "■ c(t)i 2 A. 

31 . .sin 2A cos A I- sin A cos 2 a * ^ sin 3 a, 


The following are impnrtunl; forinvihu^ ; 

113/ (i) tan(A-l-B) 

r- (A -I- B ) _ sill A cos B '(• sin D <f(>s A 
eos (A H* b) cos a cos D — si ii A si 11 B 

sin A cos B sin B cos A 
• ~ A QOS B cos a cos B 
cos A cos B Bin A sin B 
cos A cos B cos A cos B 

= tan Ajh jan B 
1- t an A tan B ’ 
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(ii) tan(A— B) 

(A — sill A coH B - sin B cos A 
cos (A - B) cos A cos B 'h sin A sin B 

sin A ons B sin B cos A 
cos A cos B cos A cos B 
v.m A cos B sill A sin B 
(tos A cos B cos A cos B 

tan A — tan B 
' i tan A tan B’ 

114. cot (A I- B) 

COS A COS B sill A sin B 
CDS (A s* B) sin A sin B sin A sin B 
sin (A B) sin A cos B sin B cos A 
sin A sin B sin A sin B 


(ii) 


<U)t A cot B — * I 
cot A cot B 


y 

cot (A-^B) 


cot A cot B "1" I 
cot B — cot A 


116. '^(i) sm(A-l-B-l-C) 

: isin A <iOS (B C) 4' cos A sin (B C) 

; ’ sill A cos B COS C - sin A sin B sin 0 

S* cos A sin D cos C -l^ cos A siu O cos B 
M siu A cos B cos 6 - sin A sin B sin C 
^ COS A cos B cos C (tan A tan B -f- tan C 

— tan A tan B tan C). 

(ii) 'oos(A’h B -I- C) 

^ > co>s A cos (B 'h C) - sin A sin (b + C) 

- : COS A cos B cos C - cos A sin B sin C 

- sin A sin B cos 0 - sin A si u C cos B 
^ : COM A cos B cos O - s si n A sin B cos C 
oos A cos B cos C (1 - tan B tan C 

•--tan C tan A - tan A tan B). 



iro 


EI.EMKNTAllY TlUUoNOMUTliy 


OllAI'. 



tan ( A + B + C) = 


b1u(A-[-B + 0) 

co3(A-1'B + 0) 



tan A + tan B + ton 0 — tan A tan B tan 0 
r”t^B^tanC — tan C tan A — tan A tan B 


O ■/ 

lie. sin (A + B) sin (A ~ B) 

= (siu A con B I- sill B cos A) (sin A cos B - siu B (jiifi A) 
= sill® A cos® B — sill® B cos" A 

= sin®A(l“8in®B)-mii®B(l -HiM®A) 

sin® A - sin* B. > <> ' 


■ 117. The tiiiigoiit forimiliio limy lio proved gooiimti'iciilly. 

PK NM 

PI. PKi-NM OM OM 
fciiii (A -I- B) a - - - _ — “ ^ (.j 

“ OM 

PK NM 
O M O M 
1 _ P K 

PK* OM 

PN 1^ 

ON OM 
l_j^ PN 
PK‘ ON 

(since trmnglc.s KPN and MON nro Hiiiiiliii') 

tun A -I- tan B 
1 — tan A tan B ’ 
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(hhiuo IrifuigloM MON and KPN iiro niniilar) 

Ian A - tail B 
i *1' Uu A tail B * 


XX LX, 

J.V’ovij tiiat 

L '^tau7n'' - ■ iii>t ■ i{ -I' ^’6, 
a "tan 

tail (D0“ - ■ a) : cnt A, 

*1. ^ tan (DO" H' A) - ; (job A, 

5. tail (1 80'^ - A) : ■ - tan A. 

0/^ I in (180" ‘h A) = ^ tan A* 

fy i / » # f-Mv tan A ■)' 1 

7. l ■!»)■■ , Z-Ei, A • 


h/ 


tan (a — 45'") : ^ 


ban A - 1 
i »!■ tan A ‘ 



tan (A -I- 30") 


A -h 1 
a^/ 3 ^ tan A 


12-^2 



1SI.EMHNTAUY TKKUiJNOMl'rrUY 


1 1 in A I*. 



/ tllll A I- a/3 

10, Un (A -l- 60 ) ~ A • 

11 / lau 15” + laii 30“ -I- tail 15" tiui 30 — J. 
Vi! tail 75“ - tail 30” - tan 75° tan 30 ' i. 


lixiiiincl j 

13. siu{A I- B -l- C). 

14 / coh(A-|- B i-C). 

15. | tan (A i- B I- 0). 

16. ^ siu(A + B--0). 

17. tos(A-B-I-C). 

18. ^ Oui(A-B-O). 

Provo lihat 

lof sin (A H _B) sill (A • • B) wii-' A Kin'' U 

C0H“ B - ■ WlH'* A. 

2of COB (A -I- B) cos (A - B) =- cos-* B - sin" A 

A - Kill*’ B, 


Imporfcanb fonnuUic cloduciod from bho four fitiuljiirioiilul 
furmuloe, 

119, Since sin (A + nin A cos B • f ■ si u B t'.os A, 
therefore putting B — A, 
wo obtain sin 2 A := sin A eos A H- sii i A cu >h A 

-2sinAGoa A. 

This formula is perfectly general and wo may tlun’clnro say 
Sin d^z sin ^ coH ^ , 


sill 24j° “ 2 siu 12*^ cos 12', etc. 



\{\ iriiNmnNH or ocniroifNi) anolkm ]?:] 

' ^ 

IJiO, (Mj}4(A'b B) roH A roM B ‘ -hIii A will B. 

Tlllr B^-A, 

llitMi tJOH iiA coR^ A • hIu^ A, 

t riicoH^A* ■ I, .siiX'iUiin'A • 1 run' A 

: j 1 - tiHin^A, siiiiuO!u}V^ A ' ^ \ •Niii’*A» 

nr I I oob"JA ^ t^cort^ A 

I • ooa 2A ■ i :JhIii^ A. 

tiui-* A * ^ 

I i coHi!A 

'riirMn I'nmmluit Ir'injtf |>nr(r(‘Uy f^nui^nd wn muy wiiy 


iri 0 


A) 


Miir 


0 


/ 


lai. 

]’(il 
I hiai 


' u 4 -' • I 

I .> • 

* ' 1 “ - 2 mid ;^ , 

l•^l!^.‘^l)" ‘(•(ilV'' |ri"—Hiu'' Ifi"', oIt^ 

^ , ,,, Itui A i liui D 

iiiii(A I B) , . . , „ . 

' ■ • an A lilt B 


B ’ A, 


tan ‘iA ' 


2 tan A 


I •tan'' A' 

'i'liiii I'lM'iitula liniiij,*; iHTfant.ly gniuiral wn may nuy 

0 


hill 0 - 


tun . 


I • tun’' . 


, 2 lim 22 \‘' , 

" i. .. I, 



EMMRNTAUY TUinONOMi'.j I 

1 2 J sin (A + 2A) = sin A cos 2A I- sin 2A oh A 

= sin A (1 - 2 Hiu'-' A) -I- 2 Hin A t;nn’' A 

«8inA(l-2sin''‘A) 

-l-‘2Hin A( l. Kin- A). 

gln3A = 2sinA-4flin»A. 

123.^ oa(A -h 2A)-f!o.sA«>s2A-KinA.sin 2A 

^ (!0H A (2 DOH'^ A - I ) - 2 sin'-' A (m.k A 

=:(!OhA(2(!OH'^A -1) 

— 2(1 — cos'* A)(toM A, 

cos A — ^1' cos® A - cos A. 


tail A 'h lian 2A 

124. tan (A -I- 2A) - AlmiTA ’ 



I ~ iiaii*' A 
3 tan A — tan^ A 
i — 3 ian^ A 


\ 

125 . To prove gcHsaotrloally Min forma Inn fur niii t!A uurl 
cos 2A. 



'II 10 figurci nxpIaiiiM Usnlf, 



XI 
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Loti tlio ratlins bo tho unit o£ loiigfcli. 

PQ ~ 2QN = 20Gl eos A =:= 2 cos A. 
PM =^OP sin 2A:=Hiii2A, 

also PM == PQ sin A == 2 cos A mi A, 

/, sin 2A --i 2 sin A cos A. 


Again OM ^ OP cos 2A -- cos 2 A 

uml OM QM - 00 


OP COS A - J 

/ .-=2cos“A-.1. 

. / 

^ / cos2A- 2 cos* A- 1. 

\ / 

lie, To liiul tho valiM'H of sin ^JA and cos 3 A goomotric‘all 3 % 
Take a oirclo with AB and A'd' as porpoudhuiliir (liainoton^, 
Mako DAO -A and pvothicn AC !<» P so fcimt DO--^CP, 

Tiion PB“DDs=AD 


CDQ 


A A 


DAB I* DBA 


2A::^0PB 



!Nhw siin!o triangloH OAD and CAB aro similar 


AC AO 
AD ' ' AD * 


AC 


2A0'' 
AD ^ 


. AO 
AD 


2A0« 

AD'-' 


2 (‘om'-^ A. 
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ELEiMENTAIiy TBiaONOMETllY 


[(Ml, VI*. 


sin 3 A = (4 coa' A - 1) sin A 
= (3 - 4 sin” a) sin A. 


„ BM 
cos 3A = ~ 
PB 


AMj^AB 

ad”" 

AP cos A 
' AD 


2AO 
* AD* 


= (4 cos” A - - I ) cos A - 2 (kis A, ns iilinvd 
4 oo.s** A — 3 oos A. 


. ILLUSTRATIVIU EXA MinVIOH. 

Ex. 1. Find t.lu3 value of mn ’!H“, 

Notice r>x ^ 8^-00^ 

Bin (2 X 18“) r=. COB (3 x 1 8“), 

2 Bill 18“ co« 18“ : 4 (}os" 18“ - It t!oM 1 8'*, 

A 2miil8“::::4coB«lH“*,:V 

miHtO enH 1H" 

4 (l.-Min^ lH'') ^-.li, 

A 4Riii«18“.|.2Kiiil8“ 1:,0, 



N/fi- 1 

4 ' 

Hill CO Hill IK'N .-11 poNiUve <|uantii(y. 
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^''ITNOTIONS OF COMPOU^^D AUGLFS 


Ex. 2. To show 

cos'* A — sin® A cos 2 A ‘h ^ cos^ 2A. 
cos'* A — sill” A (cos'^ A — sin‘‘ A) {cos'* A -t- Min'* A} 

■ (cos- A -I' Hiu^ A) (cos'* A ■' a) 

{(cos^ A -I' mn“ a)'-* - 2 sin^ A coy'^ A} 


:-: OOH 2A { I - J HUX^ 2 A} 

- cos 2 A {1 - J (i ’ ooa^ 2 A)} 

" J (lOH 2 A l/i cos^ 2 A. 

/ 

/ ' 

Ex. 3, Express (^osGA Mn tonus of cos A. 
cos r>A ‘ - cos iJ8a -h •"iA) 

: cos'* A “Hill" 2 A 

• ' 2 (los''* ^ 5 A — I. 


r - 2 ( 4 : cos” A - *1 oos A)*^ “ 1 


Ex. 4.’ 


/ 


-• •• .-^2 cos*' A “ 4 cos’* A -5^ 1 ft (uw** A — 1 . 


To prove 


oos A *1' sill A 
cos A— sin A 


mo. 2 A i'liJV 2 A, 


n* i i-l‘Kiu 2 A 

Hoo 2 a ‘h tail 2Pr: • " — 

{ioa 2A 

1 'I* 2 mu A COM A 
cos^ A “ sin^ A 

ci)a** A -I* sii i** A -h 2 HI n A oos A 
cos'-* A — Hiii^ A 

_ (cos A -1^ Bin A)^ 

^ ^eoH A H- Bin A) (cos A “ hIu A) 

_ coH A + flin A 
COB A sill A* 
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EXAMrj:.lC8 XXX. 


Pi'OVfl tlmfc 

i; C03l8“.’':sin72‘’:^‘> 

! 

± ‘ Sill = cos ^4" 


Vio -I - 2 y f) 

"■ ■ i 

Vro~a' 7 « 

■ ■ 'T'" ' ' 


■ 3. cos .30“ = sin 54° = — • 

1 

Find sin2A, cos 2A, tMi2A, whmi A^is ftouto and 


4. 

(0 

sin A — J, 

|0 

sin A - Jj, 


(iii) 

=i. 


... 0 
■ TO 


(V) 

=i!' 

' > 

\ 

\ . 

^43 A N 

T). 

(i) 

cos A =: ~ , 

(H) 


(iii) 

„ 3 
”■ *5’J 

(iv) 

1 ... t a 

\ ’^ 1/0 


(V) 

^ 1 
•"TT* 


l 

6 . 

(i) 

tan A^ 

(") 

tan A r i 1, 


(iii) 

{J 

•“ -I’j 

(iv) 

V, . n 

* K ii’i 


(v) 

o 

“ 7> 

(vi) 


7. 

A 

Find tail ^ , wlion A is a( 5 itto and 
2 



(i) 

COS A = ^ i 

(ii) 

<t<JsA - ■ .} 


(iii) 

...12 

(iv) 

t j vr 

J u* 


Pro VO tJiati 

J 2 tan ^ 

8. sin A 

I -v tan^^ 

a 


[cirAi 



\ 


XT] 

y 


9, A -- 


Jj’ITNOTTONS OF COAIPOUN.D ANaT4KS 
9 


VI 0. sin A 


oofc^- P tan ^ 
1 -l- oot,^ ^ 

Jl 


^n. '-^sin A .. .o«= 0 ~. - m„« Q - 0 . 

io‘^^ • A / ’ A AV - 

j 12, Hin A f Hin ^ -i* coh - 1, 

</ 13, «in A 1 — ^Biu^ — coa , 


Bin A- 


U„(|,.*)-.|,.„(>^^) 


i 1 — lian^ ~ oot ~ — tan ^ 

yin;/ ooha.. I 

1 I- tan^ ~ fioti § •!• tan ^ 
*u ^ 

I 0„f*.-l 

'vy'^1 d. (MjM A -5 ’■ , 

OOb^ -jr 'h 1 

, ./ 2-Hno®^ 

9 


/ 17. 

(?(m A 


i 

■|«. 

OOH A : : 

! 2 Bin 

10;^ 

(JOB 2 A- 


tiin / 


(.an 0 -I- I- tan 


l.TD 
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EWSHEN'J'ARy TKIOONOJlK'I’ltV 


[t!llAl>. 


/ 

sin 4:0 

_ IQ'! 

tan 2i0 — T ta 

1 - 1 ^ cos 40 

/ 

^ 1 -- cos 40 

21. 

tan 2^? — ; in~ ' 

Rin 40 


'^'^-isrohara- 



„ cot (40° - A) - tan (4 0° ■ 
tan 2A " --“3 

it 

:A). 

1 

-f 24. 

. sill 40 — cos 40 'l- 1 
,an 1 j j 


2/j. 

^ sin 40 + sin 2<? 

*‘“‘^®="1+cos4T+ cos 20- 


2g\ 

sin 40 cos 2<? 

1 '}• oos 2^ ' I -1' cos A O * 


^7. 

\ 

/3 sin 45 1- cos 25 
” cos 25 * 1 “T cos ‘1^ * 


2^ 

cos'* A — sin* A “ mu 2A, 


29. 

COS'* A *h sin* A ” co>s** 2 A -I- i sin” 2 A 

,,, 1 ,J; nin*' 2A. 

30. 

cos'* a -I- sin® a - 1 - J sin® 2a - I- 

i| non'' 2.t. 

31. 

cos® a “ sin® a =- cos 2a - sin 2a sin 4a 


" cos 2a (cos” 2tt -l* f 

sill” 2a). 

32. 

cos® A *}• sin® A — (cos'* A - sin'* A)” -!• 

2 sin* A COS'* A 


= 1 ~ sin*" 2A + J- sin 

'3A. 

33. 

cos^ A - sin® A ™ 1 cos 2A (1 -I- cos” 2A). 

34. 

4 (cos® A 4- sin® A) - 3 (cos'* A - sin' 

'A)"-!. 

♦ 35. 

cos® A - sin® A - cos 2A H- cos GA. 

36. 

sin 4 a — 4 sin A cos® A — 4 oos A sin® A* 

37. 

cos 4a — ] — 8 cos” A - 1 - 8 cos'* A, 




niNMl'I’hJNS nr i’nMl’nUND ANUi^llS 


IHL 


All 



hill U/\ 

h sin A 

!!Uiiiu‘A i !iisiu'*A, 


I ’OS f»A 

1*4 IS A 

;?ni-4iji‘A i Kii'os^A, 

•10. 

siti r»A 

\\ H\ M A I'os A ( 1 ti nis* A hi i‘< j 

IL 

jiiu OA !lA 

.'i liijiiir A III iiiii 


(vi ci A 

1 sin A)' 

1 i liin :;a. 


(roS A 

sill A)’ 

i nil, :!A. 

(1. 

ripsA sill A 

* so 

i‘os A 4 mil A 

11 :!A (nil :!A 

\u. 

I’o:*'* A 

»'os A 

i sin ' A 

1 sill A 

1 .1, (.ill ’.'A. 

liK 

ros* A 

t'f»s A 

sill* A 
sill A 

1 1 .J iiiii “lA. 

IV. 

1 hi 

siil'iAliuiA ISIS*' A, 

IS, 

rosm 

i!A (}iiiA 



(•4 it* A 

^ isisor liiA 

lUil. “!A. 

lt\K 

ros A 

nUi A 

1 ms ,‘iA 

lull tiA ' trIlU A. 
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129. The above formulae can bo provcid gooiiiot riciillv. 


MOS^C 


thou PON — 


NOS - D 
OP bisects MON 
the rest of the figure explains itsolf. 


POS i 


01- D 



Lot ON OM — unit of lougth. 

sin 0 -i-siu D MT *!• NS 2PL 


_ . 0 -I- D 

, 20P sm . 

O 0-D , ClD 


sin C - sill D = MT NS 2PK 
= 2PN cos 5- * ? n; 

Jt 

COS O + cos D OT ‘I- OS 20L 
= 20P cos 

A 

coa D - cos O =5 OS - OT == aiS 2KN 
= 2PNaln--i-? 

A 

_o„;, 0-D , c i p 


= 2PNooa?-t-?..2siii °';'^ OH 


= 2oPcoh^-?.2.h,h^I®c,.h°:‘;.“, 



a] 


TlUNvSFOllMATIOJf OF PKODUUTS AND SUMS 


IQXAMPLES XXXI. 

iOxpruHK m a product of two trigonoiuotrical ratios : 


1. 

Kill 2A -h sin A. 

2. 

cos 2 a 4* cos HA. 


tlOH DA-coh7a. 

4. 

Hiu 5 a — sin HA. 

a. 

Hill 11 A -I'mii 5 a. 

G. 

cos HA cos 5 A. 

7. 

coK A — cos Da. 

8. 

sin HA — sill 7 A. 

'j. 

sill H0“ •i-siii 02“, 

10. 

cos H6“ - cos 55“. 

ii. 

cos 42“ -i* cos 30“. 

12. 

sin 52“^ sin 32“. 

i;». 

cohDT' 'I' cos 23“. 

14, 

sin ID” - 1 * Kin IT. 

iri. 

mu 23“ Hill 40“. 

IG. 

cos D2“ — cos42“, 


Trove l\w followitig HtatouumtH i 

17. 


(JOH 2A - * cos 5A , HA 
,,, ^ 

Hill 2A H' Hin OA 2 


liS. 

It). 

1!U. 

21. 


coH 2 A 'I' luw A A 

Hill 2A ” Hill A 2 ' 


Hill Ha -I- Hill Da 
H in Da - Hiu Ha 


ijot A tan lA* 


Kin GO'’ -i* Hill HO" \ 

' -- -F»/So“ aao- cob If) , 

coH HO - c,m ()0 

cuH 7D'?i^lD' 7H' 

coh20'’--cos70" 


Kin 70“ Hill 20“ 


I 


2H. 

2d. 

n. 


,0(»K (HA»I* B) -I- COH (A B) 

COH A - COH (HA -h 2 b) ' 


186 


13 
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ELEMENTA HY TIUGONOJI ETllY" 


|i Jl.Vi*. 


25. 

26. 
27. 


2S. 


cos 3 B - cos -hji B) _ 

sin (4 A *1' 3B) + sin 3B 

si ll A -i- sill 3A jjiiii 5A ^ 
cos A -h COB 3 A + cos 5 A 


sill 4A •“ sin 2A 
cos 4 A -I- cos 2A 


ban A. 


sin A -h sin 3A -I- sin 5 A -i- si n 7 A 
cos A + cos 3A -f- cos r> A 4- cos 7 A 


tan 4A. 


EXAMPLES XXXII. 

Express as the sum or clillerciico of Uvo trigoiinim^ i 
ratios ; 


1. 

2 sill 2A cos a, 


2, 

2 cos 2 A (JOS A, 

3. 

2 sill A cos 4 A, 


4, 

2 sin A sill 3A. 

5. 

2 sin 4 A cos 8 a. 


0. 

2 t?os OA i*os 7 A. 

7. 

2 cos 5 A sin 3 A. 


8. 

2 bin 3 a nin 5 A. 

Expre.ss ns fcho sum 

or 

difTorGnoo of two trimmoinf 

ratios and then find tho 

values from Lalilos \ 

9. 

2 cos 60° sin 30°. 


10. 

2 cos 45“ cnsBii". 

11. 

sin 35“ cos 45“. 


12. 

2 cos 50“ cos' 70". 

13. 

sin 52° sin 75“, 


M. 

2 win 50“ coH 4U“, 

15. 

cos 32“ cos 68°, 



cos 140” Hill 75°. 

hixpress as the sum 
ratios : 

or 

difibronco of two tri^ononn^l 

17. 

2 cos(2A -I- B) cos (A 

-8). 


18. 

2 sill (A 1 - 8b) sill 

i(2A-1-Bb). 


19. 

2 cos (a; + 2y) sin 

{3« 

H-dy). 


20, 

2 cos (3iV 62/) sin (a 




.\ll] TUANSFOUMA-noN ur VKUDUUTS ANl> SUMS 


IS? 


Hon in UJ<ofn! illiisiriLlyivo (^xiuu])h‘H, wliioli iir« of frrxj^uoutj 
iMriMinvunn^ follow. 

130. If A i n -I' C . ISO", iji, if A, B, {iiid O urn ihu angles of 

a Lriaiiglc^, 

Hill '2 A {■ Hin 'I* siiL 20 V. . dsin A nln B r.iiiC. 

I Xola lo t/id ntfuitmL 

JvoiiiohiImt hui. (ISO" — A) ^ .sin A, 

sin (R -! O) -Hill A. 
ooh (180" — A) : — oim A, 
con (B 1' O) - — VA)H A. j 

I.st Moil I ml. 

sin 2 d I- Hill 2C . 2 .sin (R i- C3) ooh (B O) 

2 sin A OOH (n - O) 
niii 2A : ^HiuAoonA 

- ‘ ' 2 Kill A non (n i 

Kill 2A I- niu 2B miii 1!0 ; 2 sin A {turn (B O) - i!oh (B 4* c)} 

^ -2 sill A j2 Hill H niit 0[ 

I sill A sill B sin C. 

2ini Mniliml 

•I sill A sin B sin cs • 2 hiu A {no, (B - - O) ms (n -I - O)} 

; 2 nil! A fioH (B -- c) 2 siu A ihih (B + C) 

; 2 sill (B I- O) eoH (B O) I- 2 sill A cos A 
. sin 2n |‘ mill 20 -i- siii 2A. 

131. If A-llM'O.MSO", 

I'UK 2 A I- cm 2b l mm 20 }< 4 ciu; A cu/i V O | ‘J. 0. 

“hii M nil 10(1, 

Lnm2A hoi'm2B :2cos'’A- 1 i- 2c‘ii!i(n i- O) m)H(B-G) 

. 2 (!( A ■ \ • 2 onn A ium (H — C) 

. . 2 roM A {mis A - ^ com (R c)} I 

. 2 (?(m A {com (B -I O) -I' nuH (h ^ ^ c)} — 1 

. ‘ 1 ttOK A cos D COM O , 

mm 2A -I- mm 211 >^con 20 i- 4 cm A ens B cos C s 1 . 0, 
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l^hEfilKNTAUY TUiauNOfilKTOV 


[/MAI- 


2iul Motlioel. 


4 cos A cos B cos C = 3 cos A (3 cos B coH C) 

= 2 cos A {cos (B -h C) 'I' cos (B — C)} 

= — 2 cos^ A -h 2 cos A cos (B — C) 

= (1 -I- cos 2 a) - 2 cf»s (B C) tjf »s (li t :) 

™ V- 1 - cos 2 a - con 2 b — cos 20, 


cos 2 A -h cos 2B *}• cos 20 -{' 4 cos A (;uH U cos 0 -h i - ~ 


132, If A-i- 18(r, 

, A B O 

sill A -f- sin B + sin C 4 ct»s cus ;/ tius ^ 

^ ^ 

io lIiG slndeiU, 

liciiiembcr sin (UO'" - 0) - cos 0, 

. . bh*c a 

- Hill cos vy, 


md 


“”5/2 ' ^^"'5 'i 


A , 


Isb JloUiod, 


sin B -I- ■ • i-, 41 • B *1' 0 B * ’ O 

bin LJ I o - 2 sill — cos • 




A B <G 

-2 cos , cos - • , 

• J wi 

■'■f * „ . A A 

Sill A ~ 2 sill ^ cos -iy 


„ B 1 C A 
== 3 cos — -- <jos . 


. ’ A . • n • ^ 4. A f B I O B ► - 01 

, , Bill A -f sin B sin C 2 cos |coh * 1- ct>s j 


, A B O 

- 'J; CUS 2 i) o ‘ 



■Sii] TnAtVsi'’f)ii.\rATr()N ok I’Homrcvi’M ano hums Irc) 


2ti(l Mtitliofi, 


I A B G „ A f , Q Cl 
(lOH .!OH ^ • ti rOH | 2 tMBJ (Wl J 

„ A f Ul-0 B-Cl 
-.2rOHy jcoH -l-flOH .y I 

o A . A . Q I- o B • 

' = ^hIii a Mill B r.HinO, 

1 / 

M 133, HAl B hC : IHO; 

liiui A I- tail R ’i< (;aii C - Inn A (an U Uin C. 

IkI; M'ol;lin<I. 


i-/tn (A {• n I 0) ^ ^ '* ^ *■' ^ ^ 0 

I '• Ittin A f,ari 0 • l.an B Irtui O -- f.jui O (-mi A ‘ 

Hn*' iaii (A ! R i C)r::H.au I8<r : 0. 

/. Uui A i (an B Un 0 (.an A l.nn W I an O. 


ihiil MoUmhI, 


(an (IB<r 0) . 

tun (B { C) ' 
, ljuii B I- (win C 
1 — inn O (nil 0 


' tan 0 , 
(an A, 

• (.jui A. 


tail n I- Ian C • - - tan. A I tan A tan i\ trii] O. 
tiui A I- (.an fJ 1- (wui O - iitn A (an n (an C. 


X34» It a I //■} y • 0, 

Nina I' Nin /I -t' nIii y ^ *i- ■ 4 aln inu(^ hiii ^ , 

Itoijnniihnr, 

Min ('--I?)*::- Nin 0 ^ 
fl) nfun Oy 


Min 


fi I- y . u 
■ ' - mil 


Jf'r 


a .. 

'•"•“‘.ivl 


tLMll Hitll-n 



TOO 


TU.KMKNTA U Y >!\l imi ^ 




1 Mt* ]\1 olJmd. 


* /i I y H ' Y 
MMi/i ! .‘<iiiy I) mil 

o ’ y 

— Ij Miri . <'ijM , , 


it • <'* ^ y 

,5 .'IMI 4'ns ♦ 


. . 8111 


• /) . .1 • f /^ ' y /’ y I 

al Mtn/i imriy Nhim' ' '''i-i ,, I 


. a . fi . 

hiri Mill * HIM 


ilml Mnl-lioil, 


a , li , y H f /) y // } y \ 

*1 Mill - Jini i fUH /l ■<! i< Min . .■ I'irt ., V 


:! i 


it • Ji \ y ft y . M 

: • ‘ ' 1! Mill ^ ^ H(i:i . ' '! !iU| t o i 


-’ Min ‘ mIm y mIh h. 

N'dl Tim iihiivis im1|(Ii(. Im wnilvon 

Hin(/y - I- 8in (?; M’) >1 Hin(;r •//) \ nu\ ’ u\i\ ‘ ' 

'j\ 1/ ami niiy lui^lrM, 

135i 'Jim ii]»ovn livn t^xjinipli'M am fur »< »i ^‘ 4 ^ 

niliiMoUM, l.Im {,\vo foIlnwiri|L( urn jinrfm'My ;j(Miim'ai! 

'I’n ]jrovM mil 0 I niiu/i i mmi \jf • - Min (l') \ tj) | ^ir) 

.4 0 \ f/i , »/i I ip , ih I ii 

i Mill ' mil ' * Mil ' 

*1 it 4p 

i • 0 -I' 0 . f/j I i// , i// I 

4,Hin ^ Mill ^ ' Mill ^ 

■ ..Mil I MOM roM 'j 

• **Mhl ^ ^ n ^ */* *1 • ' 0 ^ ^ 0 ^ 

wHin tiMin HUM ■ 

: Mill 0 I- Hill </i . . {dill {() |. i/i I ijf) Hill l/y} 

■ ^ Mill 0 ( Mil I f/i I Mill 1^; ... Hill (0 I l/i I i/;). 



Xn] TllANSFOllMATrON OF PUODUOTH AND HTTMS 
136. To yiwi^ Oiw I) -h coh fji i- ooh i// h ooa i </> -i- 1^) 

, r/i -I' i// f 0 0 -h </> 

4- CO« — ---i COH i-r; — OOH X . 


(?nM 0 -f- OOH </) 2 COH co» — 

cos (0 -I- </» *l> l/^) -I' cmij/r-', 2 COH onH , 

cos ^ I- cos f/> -f OOH ■!' cos (61 ■(* c/» 'h l//) 

6/ -I* 0 [* ^ -I- <f} ■(♦ 20 6^ — (Ai 

• - OOH- ^ I COH L — r eoH —~rj 


:-"r 2 COH • -y-i , 2 COH OOH i"™— 


' • 4 cos ^ ^ ^ COH C ^ „ J. ^ 


KXAMPLl^lfH XXXTIT. 


Provo l.lio followni^ whm A i B i- 0 - ^ ISO'i 


I. cos A I- COH B I- cohC ' : 1 1 - ‘i siii^ shi ? sin ^ ^ 

y A • ' 

sin A -I- hIu B mil O- ^ •[ sin . hIh -cns^^, 
li .0 2 :i 


1 \/ Abo 

^ M. cosA I-comB- coh 0 ( cos ^ cos -siiii--- I, 

J “ 

(liti 2 a t Hill 2B Hill 2o •! iiiiH A (mih Q hiii C. 
fi. (HIM 2A 1 niH 20 •• (HW 20 - I - 'I mil AhIii B (hih O. 


>■ 


(ly sill’'' ^ t Hin’' y, -i Hin''° -• 1 • BmIu %iii ?>nii ?-. 
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■RLKMEN’I’Anr 'J'lllflONOMK'I'HY 


CIIAI 


7 . COh" - + COS^ -I- COfl^ ^ 2 -I' HI 11 ^ si u HIM , 

8, *^siii ~ 4- aiu | 4* sin ^ 1 4 cos ^ok — coh ^ 

n ^ ^ C/> tt^A tT' — 'B TT -.. o 

9» cos ^ 4* cos ^ 4- cos ^ =: 4 coh —— cos , cos — 

^ ^ ^ ^ 4 4 4 ’ 

10, sin^ A 4* sin” B 4* sin'^ C 2(1 4^ cos A cos B cos C). 

1 1, cos® A -f' cos® B 4' cos® C 1 — 2 cos A cos B cos C, 

1 2, '^^s® A -h cos® B - COS® C s:.' 1 — 2 sill A sin B cos C. 




1 3. ^ sin® A 4- sill® B — sin® C == 2 sin A sin B cos O, 

14. ^ sin® 2A sin® 2 b 4- sin® 2c 2 (1 - cos 2A cos 2 b cos 20). 

15. cos® 2A 4* cos® 28 -h cos® 20 1 4. 2 cos 2A cos 28 cos 2(^. 

IG.'^sin 4A 4- sin 4 b -f sin 4o — 4 sin 2 A sin 2B sin 2C, 
17.^^^os 4 A 4- cos 48 4- cos 4c = 4 cos 2 A cos 2b cos 2o — 1 . 
IS.^sin 4A 4- sin 4 b — sin 4C «* — 4 00s 2 A cos 2 b sin 20. 

19. cos 4A 4- cos 4 b - cos 4o r:= 4 sin 2A sin 2 b com 2o 4^ 1 , 

sin A 4- sin B -sin C ^ B C 
sinA-sin B i-sinTc*"’ ^^2 ^^^2* 

sin 2 a 4 sin 2 b 4- sin 2C . 

^ — 7=^ tan A tan B, 


22. 


sin 2A 4 sin 2 b - sin 20 ' 

cos A + cos B ’h cos 0-1 A B 

cos A 4- cos B - coTdi^?- 2 2 * 


„ A 

23. tan ^ tan ^ + tan 5 tan 5 + tan | tiui r. : 1 . 

24. tan 2 a + tan 2 b + tan 20 w tan 2 a tan 2 b tan 2o. 

to A ^ tan B I ti^ to O', tau c tau A 
to B tan A ■, tan C tan B' ''' tan A '' taii c 

- COS A sec B see C -i^ bog A cos B see C 4- see A sec U cnn o, 


25 . 


XII I 'i'HAN.sj.’()iurATi()N or I'uomjors and sums 
Provo following i(lonliil,ioH : 

‘iO. v,m {n + ft I- y) cos („ .|. ft-y ^ cos (a - ^ I- y) 

I- cos (^-(i + ft .|. y) = 4 cos a COS ft ec>:^ 

37. <«'H('il-/S-y)-|.cos(tt-;S-l-y)-.cos(-a-|-;8 + y) 

~ cos (a + ft + y) - 4. cos a sin ft sin y. 

38. .sin (ft .|. y _ „) .|. sin a~ft)+ sin (« ^ _ y) 

-- sin (a I- ^ .|. y) .|. 4 sin „ sin ft sin y. 

3£>. sin (/i -l )'-«)lsiu(y.|.n-y8).|.sin(ft.|,^.t-y) 

si n (re ft~y) -I- 4 CO.s re CO.S /3 sin y . 

.TO, liiii (// - ») .|. (.iin (s — fj.) tan (.u - y) 

=! hui {}/ ~ ») t.ftn (s - .r) tnn (»] - y). 

;)1 . (SIS® re cos® ft cos® y -i- cos® (re i- ft i- y) 

' y) CC.S (y -I- re) cos (re S- )S)]. 

3. yiiv i (A I- fiO") tan (A - 00”) -i- tail A tan (A -i- OO’) 

•l- tail A tan (A ~ C0°) = - 3. 

.3 ‘I, A cos B -h co.s C -I- cos (A i- B -I- C) 

'I OOH (B -I- C) cos J (O -I. A) CO.S I (A -i- Q). 
34. ,/'(!0.s® A coH® B -I- cos® (A -I- B) - 2 cos A nos B cos (A -i- B) 1 . 

, /tan A -I- 2 tan 2A 4 cot 4 a cot A. 

.m .‘'in” A I- sin* B -I- sin® O I- 2 sin A sin B sin 0==!, 

it' A -I- D -I- c n })0°. 


.37 . tan A -I- cos A Kco B soo O -- tan B ■\- nos B son A son 0 
/ / ~ tan 0 -I- cos 0 SCO A see B, 

• if A ’I- B -I- 0 =! 90". 

2 A -I- cos 2 b -I- CO.S 20 -i- «o.s 2D 

I 'I |,<'"HA(i<)HBcosCcosD-sinAHinBHinC.sin 0*1, 

./ , it A -I- B I- C I- D == 0. 

3S). /Nsj sin'' A COS (a ~ o) sin A sin B sin o, 
if A - I- B -I- O - 180". 

40, sin'''(A..D)o(wA.|-oos(2A-B)Rin(C-A)Bin(0-B) 

sin® (A - O) cos A -i- cos O sin (c - B) sin (A - B). 

M isccllancons liJxainplos on Oliaiitoi-s XT, and XTI start iii. 
Tost, Piipor XI ., ysigo 231. 


CHAPTER XIII. 


RET,A.TIONS BETWEEN THE SIHES AND AN(H.EM 
01^ A TRIANGLE {(iotitinwid). 

In- Chaptcv VIII the following fonnulan ooniionliing l.lio 
sidfiH uiid ni)g]().s of a tnajiglo are proved. 


1 . 




sin 


A_ /(«-7;)0 

2 “V be 




nofl: 


V “■"60 ■’ 




s{s — a) 

4. Area of a triangle = a/s ( 7-7iO (j?'-7j) (^0)^ 
f). ■ 


b-G ,A 

-o— “ yr— cot . 

2 & + c 2 


Tlioy aro now proved by tlic. aid of CImptcrH X f, XU. 


137 . By Art. 7 .") 


A V 

noa A ^ - 




%o 


2 %o ’ 

•' 2” lio 


. ^ (“l- (‘‘ '!• - ") 

ibo' "■ 

(s— i)(«~o) 

“ Avliore 2.V ^ a -|- h -t- a. 
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“s V fe 

lilio panitive sign l)oiag takoii booauso A ia < 180 ^", 

. • A. 

am ^ IS posiljive. 

AIho 2 cos^ — - — .(. 

2 2 &C 

. on^■J ® ® “ ?) 

‘2 46 c 46 c 

— .('i ~ ^}). 

Jo ~ ’ 


.■ cOT^ - ■ A >-^ ) 

2 V 6c ’ 


t)]in poaibivn sign bning i;iilc( 3 u bnoauso A is <: 

oos ^ is posifcivo. 

A 


. A 
SIUtt 


TTonco tan-g- 


. a _ 

A V ff(s-a) 

COM 7. ^ 


No Mon sill A - 2 sin ^ «os 

fni v'* (» •'•'“) ™ 

t-hn sanio rosulli as Muit obbainod in AvL 77. 

138 . Tha aim of a fcrianglo A ^ y>o sin A (Avb. VH) 

; , A A 

ho sm ‘2 nos 

- 6n , /(» -^) (•’ - 0 ^ /S (S -'ft) 

“""V bo ‘'V" W ’ 

Vs (.? — a) (s — 6 ) (s — 0 ), 
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By Art). 72 

sin B _ h 
sin C ^ c * 

♦ ^ h--c 

sin B 4* fiin C ~ F^l)* 


» B C B 4- C 

. T- 

^ 2 

• Jn.l 

’■ y'^'A + c^*' 2 

_b-c A 
/; 4- 0 ' 2 ’ 


[nuA?. 


140 . Many formulae are not suitable for logarithmic 
calculation ; such formulae can often bo transformed into 
two others suitable for such calculation by the aid of 
a '' subsid'^V'i/^^ angle. 

141. To transform 


ssr 63 ^ 26o cos A, 

(i) a’ = (f;’ + c») ^coH= ^ H- sin" ~ j - 2he. - KiM« 0 

=>{b- of cos'' ^ -h (b H- of Hill’ , ;j 

therefore wo may draw a right-angled triangle as in tlio fig. 
Hence 



mvc)sin^y 


(h-c) rw-J* 


(6H-o)sinrr , 

tan <j, _ ti * 

from whioli </) may be logmithnically calculated, and then 
a = (6-(;)cofl^seor/) 

from ■\vlucU u. may bo logarithmically calculated. 


Xlll] KELATIUNS lUiiTWliilN TllK SLUKS ANB ANULKS 197 
(ii) — 6 '** 0 ^ — 2 ho ^2 cos^*^ 1 ^ 

^ (6 ‘h — 4 « 6 o cos^ ^ > 

tluin^forn wcj may draw a riglit-augkd triaiiglo aa in bKe fig, 

A 

i I c 1 ICO 2 V io , cos 

To— • 

• • ♦ on i 

i’roni ^vliich c/} may bo logarithmically calcu- 2 V^. 
iutoil, and tlion 

to ^ (6 -b a) sill c^, 

IVum which ct may bo logarithmicaUy caloulalicd. 


(iii.) ■ 

of d- HuV-^ , 

tJioroibi’o wo may draw a right-angled Irianglo as in tUo fig, 
Honco 

2V6o.Hin^ 
tan (I) i , 

li'oin wliUili f/j may bo Logavithiruoally 
calcululod, and thou 

a (6 — 0) Hoo <f), 

from which a may bo logaritlimically calciilalod. 



1 98 ELEMlilNTAJlY TKlGOJIlOMKTUr | ^ • i I A l\ 

Ex, 1. Givoji Z> - 71 ; c :u; 35 ; A - ‘M* j liud a. 

A 

From (i), Jj tan </> log (b v <;) - log (ii - c;) *[- L tan -- , 

log 106::= 2-0353 
L Uii 14“ \r 9-4215 
ll'Um 
jog 36 ==] 5563 
tail 0 - 9'8905 
0 = 37“5r 

and log a = log (/; ~ o) 4- L coh ^ 4 - L soo 0 — 30 

log 36- 1-5563 
9-9853 

iaeo 37“6r = 10'1026 
21-6442 
/. log a- 1*6442 
44-08, 

/ tan ^ tail - 

Ex, 8, Provo that . ■ — — 

' tan ^ -I- tan ? ^ 

lull - • i.aii ^ 

. A . B 
tan -i- tail 

A _ A 

s(s — a) s(8 — h) 

" ^ A 

1 :i_ 

8-^ a s^h « — 5 

_1_ I 1 — (« 

5~*f6 s — & 

a— Zi 



(I 
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xxxiv. 




I . ti til'll ^ ^ {» ff ) ttnL ][ (n ir) out. , 


:5. {h -a) r : (n^^h) Gin ^ (.Sf f;) tiiii . 


, . A . 13 , O 

A, A*' : • fiorn . njn nwi fiiii , 


. iJ . i) 

2 A 
A ‘‘s' 


. 1 ,A I ,,H :i ,0 

IK o I- -h „ -p,, 

<t 2 A 2 4 j 2 «^o 

*» . * A , B , O 

iu (A i ^ IfaHiii lyMlu 

w 2 2 

/ . ('!• t l> I- 17 IHII ,, ■ ■ lilt »!UH l!ll)i . 


i, I) (Hiir I 0 cinr • ,<. 


\), (/; (’) tfitl ^ r tf) 1 ' li) ’ 0 , 


1 U, !ilii A I mIu 13 1 HU (5 i 1 cjcih ^ cuH c!om 


II . u, C, C, A, A, Q. 

ii. tim ; Ulll - . I liUll 1.1111 ;y I (/llll „ tUU ^ i •• 1 . 

2 2 2 2 2 


m 
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12. In any triangle in*ovo b) ee8 ^ tSeo f/> 

^ G 

■cro </> - 2 * 

Hoiico liiul ami c, given 

a==17; b=. U; 0^.47'’ U^ 

13, .1 ii any triangle prove 0 (rt -1-6) eoH rfy 

. , 2 V 0 

wo 

Hence iiiul </> ami c, given 

a ==11; 6r.:25; 0 .. lOG*^ 16\ 


14, in any triangle x>i’ov() o — (< 1 ^ — h) hoo </i 
2^rt6 . C 

ere tan 0 biu ^ , . 

^ a - 0 2 

Honco lijicl tf} and e, given 

rt=:54; 6-.34; C=.45U2; 



'J’EST PAPEKS. 


\ ruidnilhi{i Meimminmit of Awjhsy TTr\ 27rr, rOy Comiruc- 
tuyu of Auifh.H ivUk (jivm ratios^ ntt\ Chapto.rs I and 77. ] 

22 

L 

1, l''x]>nviM 17'* 15' '(2^^ H« Uki dt^<unui] of a vi|^h{j ai^gln, 

2, Ifiiul l\w miinbtsr (»f rtulianH (coi’i'ocii to 4< placofi of 

in 15", anil oxpi’('.Hs 2*4 mdiaiiH in dogrooH. 

3, to tlu^ noiiroftl) Hqniiro coiitiinotro tlin aroa of a circle 
vvi(.]i a vadiuM of 5 inotnis, 

4, An aro of* a circlo ia 5 inotron; find tlin nutnhin’of radians 
ill {uih(.4!nda at tlin oonlro if i.lio radius in 5 luotn^H. 

5, Tlu> angln fuditondod at Min cnntro of a ci rein of radius 

d- tuniiiiinotroa ]>y a cor tain arc U 22\ tlin Inngtli of 

id in nm 

ft, T)niNV' with a ^irotrantor aii angle of 52"; find liy nioasiu’Q- 
fnoiit Min valuoHof uiu 52" and noHr)2", tlumco dnduon rougidy that 

mil*' 52" -1. 

7. (livnu tliiili sin uj: 7 *72, cnnstniot Min angln and then 
mi'imnrn it with n protractor to the nnarnst dngron. 

8, Tf lind wmA and tan A (curreot to 2 places 

(il: deuhualK). 

n. 


14 
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ETiKM ENTA U V T U If SON i ) M liV I' U V 


II. 

1. Express '7243 of a riglib angle in d(!gr(!e«, niiuubeH iiii<* 
seconds. 

2. Express ~ racliatis in degrens anil 32" in radmiiM (mi i i- b 
to 4 places of decimals). 

3. Find (i) the circumferonce, (ii) blii' nrea of a eiridn «>» 
mdiiia 7 centimetres. 

4. Find the lunnlier of degrees aulitmuled at l.lm eent.ro -d 
circle of radius 3 metres by an arc of 3 metres. 

5. Find the area of a .sector of a circle of radius 4 eeiilt 
metros containing an angle of I'l) radians. 

0. If the cosine of a certain angle is '33, ennstriiet the niii'l*' 
and then measure it to the nearest degree. 

7.. Draw an angle of 2!)° and find )iy measurement siii^ !1‘.< , 

Kill ' 

nos 2D", tan 29"; thonoo (lodiico ron^^dily Mint tan 29" • 

8. If cos A ^ I, find, cosne A and (soi. A. ( /V imwnr (Minv.-t i 

3 places of deciiTials.) 

Til, 

1. Wliat- decimal of 1 riglit. angle is r):i" I iV fjO'"'? 

2. Express 1*6 radians in degi’ccsand TH" in nulians {run n ^ 
to 4- places). 

3. If the cironinforcace of a cii’clo is 20 motres, Hud \U*' 
radius in inetros. 

4. The aim of a circle is 50 sfjnaro lueirns ; find l-hn nidiMri 
to the ncarosti lumdredth of a inotre. 

5. Tlio area of a sector of a eirclo of T) inntres rfuliua \’:i 

7 square metres; find tlio siw) of tlio aiiglo of tlio msdor it* 

radians. 

6. Dra^v an angloof 73" and And by inoasnroniont Uin valuta u 
of sin 73" and coseo 73". Thus show roughly that 

sin 7 3" X cosec 7 3" 1 . 

7. Given that timf«“2*5, construct and then incnsiirn ;i* !*• 
the nearest degree. 

8. If sin ai” And co.sa*, cob ai and sea. 'll. 
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/ 

TnST I'APEUS 


IV, 

1. of a ]’igliii auglo ii\ dogivios and niinutea. 

2. If ootA - ^, iiiul mnA and oosnnA (annwer cormct to 
3 )>la(!4!s of (looiiuals), 

3. Wilih youv instrinnnnts mjiko an angle whma tangent is 
0"73 am] ilicju innaHiivo it (-o Llio iicjarost dogroo. 

4 My omnpasHOH liavo k?g.s lOcms, long. I open them out 
to ail angle of 35” and doacriho a cii’cki Pin cl from a carefully 
drawn diagmuv tlio diatanoo Ix^twooii tlio points of the compasses 
(to (iho n(iar(mt nnn.) and niiloulato the area of thc^ cirolo (to the 
noan^st Hij, onu). 

n, Tt tlic^ urea of a eirelo ia 00 sq, eiiis.j find the radius to 
tlio ncw(^st nnlliiiMd-rc^ 

0. 'Pwo aiiglns of a triangle are 1*3 radians and 02“ 30'. 
Piinl tlu^ third Jingln in dogims, 

7. h'Ind in dr^groiui l.he uiigln wliosn radian measure is I-. 

H. In tlio tr I an gin ARO^ tun taiiO=-.j\, Pind the 

rulJo An to AO. 


v; 

(liven ihuli uinA find tlin other trigonometrioal 

I'ui/iofc of A* 

2. Tf tho rad I UK of a eirelo ho 20 inotros, find to 3 decimal 
]ikieim tlin length of the are mil) tending an nnglc of 3“ at tho 
<i-nntro. (tt-** ildl ! (>.) 

3. If in a triangle ABC, CA:-CD -2 and AB = 3 j find the 
value of (sill A‘ ooK A) (see A •{> oosfloA), oorroot to 2 places of 
doeimalH, 

4 . With your iuHtruinonts construct an angle whosQ sine is 
()'(i. Miseet the iinglo and fnuu the figure luoasuro oft' the value 

of Hjn^ i (AuHWer oorreeb to 2 places of dooiiuala.) , 


14—2 
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6, Draw an angle of 33" and find by inoftHUvoiainil. ibu 
values of sin 36" and cos 36°. Tlieuco show roughly trlmli 

sin® 36"+oos»36"^= 1. 

G. Pind tJie nnmhor of mdiaiis in 27" 16'. (Aiiawtir 

to 3 placoH of clecinialH.) 

7, Find to tlm noarost sq. inilliinniro tlio uroa of ji 
with a mdins of 4 conbiinofcim 

8, If uu anglo contains A soconds and its oirtnilar innfiMnrt» i t 
rt, sliow that approx nnatfOy A--= 206205 x a. 


VT. 

1. ]5xproHS •8245 of a right anglo in dogrcfos, iniinilini nml 
seconds. 

2. With your instrumonta malco an augln whowo Hr.(uinh if^ 
7 '2 and then measure it to the nearest dogreo, 

3. What is the measure (i) in dogrooB, (ii) in radiauH (cnnuvii'f 

to 2 decimal places) of an internal anglo of a rc^gular 7 

4. Find tlie mimbor of radianfl (cornfct to 2 pljiro.u of 
tlecimals) in one of the angles of a rogidar ilgure of nlclofi. 

5. Given that tan A--^; find tlio other trigoin 
ratios of A (correct to 2 places of clooininls)« 

6. Draw an angle of 27“ and find hy moasurnni<ni(» iln* 
values of tan 27“ anil seG27“» Tlionco bIiow roughly Mint 

l-f tan"27“==soc'‘27\ 

7. Two angles of a triangle are 2.3** and 77“ J0\ F'lnil 
(coiTcct to 2 places of decimals) the nuinher of vadimiH in l 
third anglo. 

8. Find the number of degrees, mimites and secioiulH in iiii 
angle which contains 1*724 radians, (Answer to tliu 
second.) 
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YU. 

U tliuro am il Hjioko^i in a car b- wheel, oxpmBa the 
bc!bwo(iii ill (i) dogreoB, (ii) radiuua (coLTeefc to 2 phiees^or 

clcciiiialH). 

2. Dmw an angle o£ d0“ and find by meamirenieuti tho 
vliIuob of t3ob d:0“ and coscc dO"*. Tlienco allow roughly that 
1 'h oot^ 40'’ - coaoc^ 40'’. 

;i, Oonatii'noti an angle whoso cotangent in 1*8 and then 
nuiasuvo tlio angle to the uoaroat degim 

4 , Two angloa of a triangle are 1*2 and 0*8 mdiaiia ro* 
Bpectivoly. Oalouhito the remaining angle bo the nearest degree. 

5. l>mw angloH of 32'' and 68"; find by meusuremeut tlieiv 
KiiioH and coHinoa, and thus deduce rovighly that 

win 32'’ = goB OS'*. 

(). If A, B an.d C are the throo angles of a triangles 
A--2B = :30, express eiioh of them in degrees, 

7, !Kiud the lunnbor of dogroos and rndiaiiB (correct to 
!2 i» 1 h( 5 os ()£ docinials) betwoou the positions of the large Inmcl o£ 
lb ohmk at L 1.0 and l.UO, 

8, If tUo ai'i^i of a circle in 40 sq* con time tres, find (to tli o 
jicarc^st iiulHtnetre) tlio loiigUi of an arc wubtoiiding an aiiglt^ o£ 
1*5 radians at the ooJitro. 


y:i::i:i. 

1 . .\fh\i\ tho nnuihor of dogreew and radians (correct to 
2 places of docinuilH) liotweoii the poHiblone of the largo baud oJE fx 
xwibjK at 51,20 and 2.42. 

2. Construct an angle of nr and iind by inoasuremoufc tire 
values of sin Dl" and cos 51". Tlienco show roughly tlmfc 

cos^ bV- 1 -»in®bl^ 

3. Ounstruot an angle whoso cosecant is 5*23 and tlxcixi 
luoasuro it to the noaroBt degree. 

4. Tho length of an are subtending an angle of 10'’ ab^ -tiro 
oouti'o of a circle is 10 coiitimotroB. ITind tho area of the oxx'ole 
to th(j uoareut Bipiaro inilliinotro. 
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6. Oonstnicfc a triangle the sides of which iir(3 G*<>, 5*:!, iuhI 
3*9 centimetres respectively. Thence detei'inino the «in<m f)f th-^ 
angles opposite the second and third sides and show that tln\v 
are proportional to the second and third sides. 

6. Draw angles of 24:" and d8°, and thouco prove roiigl dy hy 
measurement that 

sin 48" = 2 sin 24" cos 34". 

7. Find in degrees and radians (correct to 2 plain 
decimals) the angle of a regular polygon of 31 sides, 

8. A circular gross plot has a radius of 24 niotn^s, anit 
round this is a gravel path of width 1*3 metres, What i\\ f h*’- 
area of tlm path to the nearest square motro? 


[Includmg Sim 2 )le IdentUies^ Angles of 0", 80*' j 45" 

of Tables^ GompleimntoA''y Angles and Sasg PJqmifhtu.u 
bhaiHcrs III and IV.] 

IX, 


1. The difleronco of two angles in 10", and tlu) nidlMfj 
measure of their sum is 2; find tlio luunhor of radians in 
angle, 

2. Draw angles of 33" and 57" ancl iiud by Jueasiinntirnt 
sin 33", cos 33% sin 57" and cos 67% Tlionoo prove roughly i-liut 

sin 33° cos 57" H' cos 33° sin 57" ~ 1, 


3, If cos A = a, prove that 
tail A =5 




4. With hisbruments, construct an angle A whose (tnuin^^ 
is 0*6. Bisect the angle A, and from your figure ineasitro nil 

blio value of cos^. 

A 


Compare the value so obtained with that given by the 'I'/ilih’ i, 

- range of a certain gun is 1000 sin 2 A inetros, where A 

IS the elevation of the gun. Find from the tables the valuen ui 
1000sin2A when A has the values 10% 15% 20% 25% 30 “, 35 % 
40 , 45 , and draw a curve showing how tho range varies nu A 
increases from 10" to 45". 
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0 , 

= '>•-^‘1 7. 

I 

!XvA^/ 

I -x <'lJI ^ 


JViiid iho vuhiu (comjct Lo 2 plticoa oi; clut^ii utils) 
siu'’^ (I O'' 'I- cos-' 45” + tiiu 30”. 

,l:V<.>v(; Ll»it 

si iv^ A cuts A -v ous’' A sin A siu A 00 s A. 

Uit> (s^UJitiou 

»iu ^ -1' 2 cos ^ 1, 


X. 

1. ll»c disltiiufo ill iiiilos botwcou two places 011 the 

ICipuitor AvliicU in loiigibiulo by ID'* 30', the earth's equa* 
loi’ial clhiiiioiroi* being 7020 miles. 

12, li! the oivcuinbu'eiujo of a bioyclo wliool is 9 foot; through 
how many tic roes does a particular spoko turn as the bicycle 
I. no foot? 

3, iriud to tlio neartsst rnimito the angle wiioso circular 

intuiKuro in 15 * it>^ tangent from tho Tables, Thou con- 

Htruct tlio angle to the imtirest clugreo luul liml by actual 
iiin-anurninout tiio value of its sine, 

4. I’rove Unit 

(bin A cot A) sin A cos A - 1. 

fi, Tim cosine of an aouto angle m|] llnd tho angle to tho 
nearest miiuile from tlie tabhin; lind its sine also from tlio 
tablcH, ami verify tho roHult by means of tho formula 
sin” A :vi 1 — cos” A. 

0. Ifiiul tho value of 

tan^ 00" -1- eot‘‘'4r>” * 1 - sin 30". 

7, |4i>lvo the eqmitlon 

4 cos’* 4 sin 1. 

H. '.rim strtmgtli of an eleetrie current detormined from a 
niiin gaivunoiimter is 11*2 x sin A, .Find fi*om the tables the 
Ntrnngtii of the miiTent wlimi A has tho values 10", 15", 20", 25", 
30'* ami draw a <mrve sliowiiig how the strength varies as A 
iuoroiiHos fniin 10" to 30'. 
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XI. 

1 . Mild, by means o£ tim tables, the value of 

sin A cos B + cos A sin B, 

Avlicu. A -50'" and B — 10 “. 

Compare your result witli the valuo of sin G 0 “. 

2 . Find the niunbor of degrees, minutes and see(»iuls U\ m* 
angle containing 2-717 radians. 

3. Make a triangle ABC having C ^ 00'', CA , 
OB — 9*8 cm. From BC cut off BQ=: 8 - 6 cm., and dniw iU* 
perpendicular to BO to meet BA in P. From BA out niV 
BS 9-5 cm., and draw SR porpondioular to BA to meet BC in tl. 

lloasiu-o AB, PQ, PB, RS, RB, and so find tlio ratios , 

RS 

“g correct to two deoimal places, 

From these ratios and your tables find the angle B, 

I. Tabulate tiie values of sin A — cos A (correet to two ] finer . j 
of decimals) when A-0“, 20", 40", 60", 80", 

■ a Provo tliat X 2 cos’" - 1 == . 

6 . Solve tlio equation 

4 cos^ X “I- 1 2 cos a: 7. 

7. Provo that 

sill A tan A sin (90" ^ A) -i- cos A cot A cos (90" A) r 4 1 . 

8 . Detenniiio with your instruinonts whother 

sin 2A I 2 sin A, 

taking A as 35 , Draw a large figure and indieiito tlu^ jiatnn^ i ‘i' 
your test. 


1. Prove tlmt 

cosec A -- cot A ^ coseo A cot.A 
coaec A + coTa coseoTT^cot A ^ 

2 . Solve the equation 

cos^ 0 -\- cos 0 Si! siu^ d. 



TEST PAPKES 


3. l<Tu<l^((‘om5(30 to i siguirietuifc liguroK) tho ^uuulirr nf 

vjttUan^ ill and thou Jhidiug tau I’’ 30' from tliii hi>>tv 4 , 

calculato tli(5 's^aluo of 

tan r 30' 

no. of radial 13 ia 1" 3(P 
eorrocjfc to d- pliioos of docimals, 

4. If biu<9™-j\, prove that 

tail 0 ‘h see d = , 

n. I f s(5Q^^ — tand — it, show that 

• rt 1 1 - 

sm6>:=l or .j 

(>. Su])pi)Hiiig tim earth to ho a sphoro of radiiia 3l.»S() ni{!r>. 
iiiul tlio length of a inoridiau arc which suhtenda an aiiglo of 1 
ah fclio ooiiti’o, Answer to of a inilo, 

7* if A*-:^00'', B = 30", C=j 90‘*, find the valuo of 
Bin A Hiu D sill C -I* sill A cos B cos C 

- sin B cos C cos A -h siii 0 eua A cos B. 

8. h*ind fru:n I he tables iho valuo of siii^whkoli inake-j 

a 

sill A 

x:i:i:r. 

I, iVovo that 

sin A I- cos A 1 -i’ 2 sill A cos A 
sin A cos A ' 1-2 cos^ A 

^2, Holvn the eipiatioii 

coH^iij -t 5 sin ft) cos x — 3. 

3* At a point whose distanco from tho Bini’s contre is one 
million of miles, the sun would subtend nii angle of SI” 12'. 
OalcuUito approxiinibtoly the diainetor of the sim correct to 
1000 iiiilua. 
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1. I'incI, by means of Tablus, Uio vtiluo (uomM!!. lo it iihf -i ' ♦ 
of decimals) of 

iy-5 X tan 13“ 30'. 

5. If tho cojiccant of an aiiglo is :i-l3, tmnstrucl, it, i 

mGaKiu'e to tliG iioaresi) clcgim From tlm fi^^uro dotisrinimi < ^ 
value of the cotangent of tlio angle; tlionco hIiuw, ni>proxuiia(fi> , 
that ' ^ , 

COSOC" (0—1 H- (50t^ 

6. Tabulate (correct to 2 places of rleeinials) tlni viiliM'- 
of sin A -j- 2 cos A when A “O'*, 10'", 20% 110% 40% b0“, 

7. If the circuinfcronco of a circular grass plot is ilOO iiic(.r« \ . 
iincl the area, correct to the nearest square metre. 

\ 

8. If an angle A contains 36% iiiul by ineasuremeiit 

A A ' 

values of sin A, siii:^, nmglily tbut 

A A 

sin A = 2 sin v- cort -a* . * 

IS J 


1. Provo that 


XIV. 


1 *- sin A 
1 - soc A 


1 *}-sm A o , ^ 

q ~ 2 C(jt A (cos A — eosuo A), 
1 -I' SCO A ' ' 


2. The tangent of an angle ia 2*4, Find by jmHisnnwnr * ^ t 
the values of the cosecant of the angle nml the cosecant u\' (It*' 
complement of half tlie angle. 


3. Having given that siuA- J- and niii B 
value of 


(tan A s- tan B)/(l - tan A ban B). 


•I'V Ibnl 


4. Ij^nd correct to 3 places of decimals, the number * 
degrees in an angle containing •()3 radians. 

/ 

6, A wire AB, 12 metres in length, is heut so as to bn. »»» 
an arc of a circle whoso diamotor is 4 metres; lind tho 
subtended at the cenfcre^bf tlic circle by tho uhord AB. 
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SolVn ilio (Miiuitioiis 

(i) liiir‘ 0 — 1 tuu^ 6/ H- 3 0, 

(ii) 3 sill - 3 siii^ ^ = cos^ 0 , 


riiul to tliQ ncarcHli dceiniotro tho radius of a oirclo whoso 
i 1 sq. kilomotiu 

If (iQ}iO ‘\‘(S 0 H if} ^ a ami ism 4* sin 


that coa ^ coa c/j + hiu 0 ai ii {/> iir 




XY. 

Provo that 

BUI 0 - cua 2 sin® ^ — 1 

«in 0 + oos d 2 aiji 0 cob 0 + 1 * 

(ho oijuatioiia 

(i) cofc*^ 0 - 4 cot^ d ‘h 3 — 0, 

. * (ii) 3 Uui^ ^ - 7 scctf -h 5 =^0, 

* 2 \/ w 

If UiiiA-- — ™ Ihul tlio valuo of cos A. 

^-p 

If LAii 0 -I- SCO 0 ~* 2 , fiucl sin 0 . 

]fiii(I Iho munboi* of mdiaiis in tlio iiiiglu hotwoon the 
\ of 11 watch at m iiiiimtos past 12 o'clock. 

liliid l;lio valuo- of 

cot^C0°.i*Hin"4ry*-ooa^30". 

Piiid by incaUH of 'I'ablca the valuo of 
COB A COB B sill A sin B, 

A-:(i0" and B - 20". 

unipim) tlio rcBult Avith the value of cob 40", 

(,)ii Hiiuaml paper draw a oirolo of 2 coiitiiiiotrcB radiu.a 
jHtiinato Ua area, approxiniatoly, by counting tlio nuuibor of 
squaroB oncloBial within its ojrcmnforenoo. 

■ivoii that tho anni of a circUi~7r timoa tho square of its 
.H, cahnilato from your rcjsult tho valuo of tt. 

»y how nuioU pea* <5ont. la your roBulfc in error, tho true A^aluo 
being 3‘141Di) to I) thmimal placoB? 
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XAa. 

1. I’l'ovo that __ 

(i) (coli 0 H- ooa Of - (oot 0 - ooa Of - d Vcot^ w •>." 0, 

(ii) (tau“A- coli'‘A)/(»i»i''A — oob“A) -• h<h!“ A coshh-.-'A. 

2. Solvu till) uiiuiitloiis 

(5) 9c(lk^!«=:l, 

(ii) tiiu'’f«~2(l 1- 2 com’-' io). 

3. Eiiiil kill) iiunibor of nidiiuiB in oiio of klio iuikI*''' “ 
ro^^ulcir figuvo of dd suIoh* 

i Tim cii-culHi- Dioiwui'i) of omsli of Olio migloM of n J’o;<iili‘v 
ligui'o of 77 Buloa w oivloulatwl ko bo 3-06 ; tlukonniiio klio lumuinoil 
valuo of IT. 

Vine! (i) ihii inuiibov oE dogmort, (ii) Urn iniinlnir ni 
radians, correct} to 2 places oE fliudiuals, in. tiio tbvairihni 

])yiho Immls of a dock butwooii 12 noon and 1.25 p.iin on liu' 
saino day. 

G. li’iiul from 'riildos Uio valuo of 

cos A cos D - ' sin A sill Ei, 

A -•20'’ and 

Compare tlm rcHidfc with the valuo cos 50’'. 

7, Caloulato tlio valuo of 

mn 110“ *f- uoa** 110"’ - cob^ <L5'\ 

8. Provo ihab 

mwiA — oohocA tan A out A 
^11111 A 'h o<»t A aoo A -I* coH<m A ’ 


[Jndntlini/ Kant/ JMMr.uiH and Anf/loH 1|> lUlO . 

Ohapiers V and F.A] 

XYi:i‘ 

1. JTow many vndiaiiH (corroot to 2 places (jf <h»oiinahi) ur* 
thovo in tho folknving angles: a vighli anglo, tlio anglo nl * 
regular )>imtagon, of a regular Uoxagon? 
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2. Trovo Uuilj 

(1 -- coii A)® I* (1 - i.Jiu A)^ =-^ (siio A - oos(m A)‘\ 

II l^raw two IhuJH OA and OB at right* angles, making OA 
‘10(!in. long. Draw straight linos AP, AQ, AR cutting OB in P» 

R, ami making with OA angles o£ lO'*, 20’, Kxpross tan 10 , 

tun 20'’, tail W in ionns oi! tho lengths on your liguro, and by 
ninuHnnsuont Ihid ami write down tlieir values* 


(llmck the accuracy of your 
tan 40'’ -' 


I'csult hy seeing i 
2 tail 20'* 


f 


4. '.At a (uu-taiii time a lighthouse 23 miloH away is Hoeu to 
1)(^ in" oir a ship’s couim At wliat distance, in inlk^s, will the 
]«isH Mm liglithouse if slm holds on law course 1 Find tn<^ 
d [stall CO iiy calculation, and also hy measureniout of a llgiirc 
drawn to a seali^ of I cm, to a mile. 


n. Kiml Prom tim tallies the values of cosfc M'hen fu™ 0", 10", 
20", 30", 'iO", no", 00". Draw a curve sliowing liow v.m») varies 
as ST incrisises from 0" tt) OO". 

Find fr<un the mirve the values of cos 2fi" anil eoH4fi , a)ul 
voi’IFy your values liy means of tho tables. 

0, Write down the complonumts of 30", ^ and tIm supple- 
mmd.s of ^7', ^ • 


7. If sin a-v].and eos/?^.^'Jj, iind the value (eorreot to 3 
placi's of decimals) of sin acoH^ S* eoHitsui /3, 

H. Fintl Mm uumlier of radians (eorrccli to 3 iiIhcoh of 
deeiiiials) in the supplement of the angle of a regular disragon. 


XVI 11. 

1, Ih’ove tlialp 

I J , (cosoe A -I* cot A)“. 

1 - cos A ^ * 

2. Helve tlio oquations 

(i) 3 sin 0 - 2 cos** d, 

( j i) 1 2 sin 0 — 2 cos 0 -h cot 0 “ ■ 0. 
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3. If Jv bt3<l of n)C)k (lipH ufc nil nii^ln of -ir’ to t)‘o liorixi>nlal 
ground, wlmb in it« thiokiioHH if tho Hootion wliioh roiuru to \]uy 
surface iM JiiefcroH broad? 

4. ProveJ that. 

tnn® ( 1 H(r - a) .sin-’ A - {com (ISO" • • a) I* i«'o Ap. 

n. ‘In a irinnglo ABC, right nnglod nt C, OE is diinvn l»o 
pondicjular to AQ. IVove Unit, if B- (lO"^ AE: AH, 

0, FIihI, corrocli to ono Hisuuid, the tinio Ix^.wrtui ium oimI 
half-past oVIook wlion tho (jirculnr iiieiusuro of tho iiiiglo brt\vri‘h 
the hands is i. 

7. If sin A - YVt vnlmm of 2 nin A cos A, con^’ A ■ - niii’’ A 

and 2 tan A/(l-tan^AJ, A Imiiig nouto. 

• 

8. 2'lio angin C of tho trinnglo ABC is <s|iiul to a rigdit niigh', 
and tho sidi^s AO, DO am i‘OHpO{!tiv(dy iO and 20 fisd. A )ii'i ]atii 
dknlar CD in flrawn from C on Ati, (ind tho hmgUia of CO, Al\ 
and BD. (Aiinwor iu frtd. cornsd. to 3 phu^on of flonlumluA 


XIX. 


], jh'ovc^ tliJit 


(i) 


jiin A • I'OM B 
H\u B ‘ otjfi A 


con A •( nin B 
ona B I- nil! A * 


(ii) ^lo^iV^ ’ titif’f/mu? (J hahr' d(«(*o 0 \ i*tv\0). 

t]n> oj|UHti(»na 


/ 


I 

/ 


(i) tan 0 - 2 -- smv’t/, 
v’* 

(ii) tan 0 1 2. 

V’* 


3, ’rho anglo of olovation of tho top (jf n ohnirit apin*, him m 
from a dintancm of lOOO nudriis, in 5' 12', Kind tho hidght nf thi. 
Spiro, 


4. Provo (rliiit 

sec A r tan ( 1 80” A) tan A - * wmi (180” < . A) 

{ cm A - tiui (180 ' A) tan A i Him (180” A) ^ 
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5. Tho angles a and /3 aro acute, sin a = 4 and sin ^ . 

Oalculato the value of sin a cos ^ cos a sin /3. ^ ^ 

6, If the earth^s radius is 4000 miles, find tho distance from 
tho equator, measured along a lino of longitude, of a place -svhose 
latitude is i39^ 

Als{) lind tho distance of tho place from the eartli’s axis, 


7, hind from tho tiihlos the values of the expression 

sin 0 't- 3 tan 0 

^vh(nl d- 0^ 10", 20^ aO", 40^ 50V 00^ Illustrate the variation 
graphically and tlumco detormine the value of the expression 
when 

8. If 
})rov(^ tiuit 

sin ( I '[• tan 0) 'h vun0{\ Of)t 0) — sec 0 "• ~ , 


(4111 0 - — - r — , 


XX. 

1 . Two people, 1000 metres apart, standing duo jSoiith of 
a Irilloon, obsfU’VO tim angles of elovaluon of the balloon to ]m 18“ 
and 2r’ Iff rospeetively. Find the heiglit of the hiilloon in 
metriui (corns?!'. (4) of a metre), 

2. Ih’ov<^ that 

... sin A “• sin (180" — B) cos A •!' cos^B 

(?os B 1- eoH ( 180" -• A) sin B sin (1 80“ “ A) ^ 

(li) (I |> tan 0 V (1 - tan 0 ■[• see ^-'= 4 sec 0{l h sec 0). 

3. Helve the (equations 

(i) ;^3 (tan a* •!' cot a) “ 4, 

(ii) 

4. An object on the bank of a canal is obs(jrvod from the 
nppositci side in a direction making an angle of 60" 'svitli the bank 
oti which tho obsorvor stands, Tho obsorvor tlion ^Yalka 30 metres 
along tho bank, and finds that tho direction of the object makes 
tho Hanio angle of 00“ with the bank. Find the breadth of the 
canal. (Answer in nuiti’os, (?nrroot to 2 placos of dociinals.) 


KhKMKNTAliy TIIK ;<m( >MKTIt V 


21(1 

5* (livtm liliJilv Hin A ’ 5 !i[I, iirid (iohAuiuI hoI.A (i) A m 

nmU\y (ii) 

(1. Provo tiuiti 

ooHOt?’’* A I- ooHOo'* »• A) ■ onsi'(!'‘ A ciOMi'rr* - A). 

7. V\mn tliM taijlofi, ivilonliiliO Mio vnluon nC H*0 hni - A Io ji 

A -.( r , nr , 2i )“, air , Wy r »( r , ( Kr , 70 ‘\ iiinorndo 

ami tliotloo l.lm valm’a nl* Uu^ ox}>n'Jisiou wlioii A .io 

aii<t (12". 

8. !l'ljo (lrivlii;< whrA oC lui oii|i(ino pjoiti/jj (H) tnik i h ii li»>o» 
hmlci‘.4 -I n^vohH-i<nia ii mMioml, h'iinl Mio ilianiiWiM' of lli*' 

ill 


AVNL 

], ^I'lio hroaliin^i; in Inna ol: inm wiii^ mpo in i?, 

roufjfliiy, It) tho mpiaro oj- l-ho taroiniiforointn in im lo'ft I litnl Mh 
vitlno ioi‘ It ro})n 8 inohoa in dijuiu^lor, 

2. Provo Miali 

oosooA aiuiA. , . , ^ . m 

(oorA liiiiA) at'o A foj«‘o. A iV 

(lOfiftoA l at^t'A ' 

8, Apply l lio Taliloa in Hm) ilio valno t»r wiii ii H i t 

tilrciuiai' niommrn of I Hi’* IP, (Anawn* In thna* japnilU 
llgurtu) 

P An lU'rt of ii <nrt?ln ol: 1200 fItt(ainol,r{ia nulliifij milifrinl ) 
ilio ooniro iui au^lo whoMO oirmiliii* mouaurn ja *0:57* ImimI i 
(ioniiinoirt) iho dilVoroiuH) hol.wtuni IIio Iiai^Mi ol! tho am jiiol Mo 
clinril joiuiiii^ iia (vxlvoiuiiioM, 

n, If A, n, C am I ho nn^lon of a triiui^^ln anil o, A, o t hi» viif? 

oppoailio ihoin ami AD I ho pitrpmulittular IVoin A lt» h( *, piovi^ fh i^ 

AD o/(ooi. B I- oolj 0), 

If A i« oliinao anti AD Im 7 ooniiniol-n‘a ami mnlo fi anph '? 
00" anti np' M)' witli AB ami AC roRpm^livoly j rJtli nPtln Mo 
loni'th t>f BO, iuirn*i?l. (o 8 plaoon of tlmanialH. 
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0. ^(ilvo tha aquations 

(i) 1 cos ^ - sill 0 cot ^ 0, 

(ii) cot2^=.2(l -i-2siii3^). 

1. 'i'lio nautical mil(i is an arc of tlio earth's equator ^vl^ch 
suht<ni(lH an an/^lo of V at tlio centre; find its lengtii correct to 
l-lm iKMirest foot, nning the constants 

I radian -20r>2GD'', 

earth's equatoi'ial radius r,-: 2092 GOOO foot, 

8, [\'\m (iiirivjnb in amperes in a tangent galvanometer is 

giv(ni hy the {5X])r<msion. S*7G tantf, wliore d is the deflection. 

Jllnstrato hy n graph tlie connection between the currant and 
d(^ll<uition, talcing tor d tlio values 0'’^ 5”, 10**, in'*, 20**, 25°, 30", 
35"; fr(H 0 the diagram, detonniuo the value of the ourrent wlieii 
d ■ : 1 3". (Answer (^orixutt to 2 places of decimals.) 

XXIT. 

1, I'rovo that 

(I) (1 ’[• tan 0 - H(*e Of -h ( 1 - tan f?-see 4 see 0 (sec (9 - 1 ), 
(Ii) (tan 0 h sin Of - (tan 0 - sin Of - 4 s/uin^O — um- ft 

3. Hoi VO th<^ cu (nation 

3 - 4eoH^f?=.‘:tan ft 

3. If coH A ^ 5 A acute, fiml the valuo of 

4 cot A I' 5 HOP A 
3 cos A -(*8 sin A ’ 

4. hVoin a window, with liis (\y{\ 15 deoiinotres above the 

• roadway, an ohsenwer finds that tlio angle of elevation of the top 
cifa tidegraj»Ii post is 17" 1H' and tliat the angle of deproasioii of 
the foot of tlu^ ]M>st is 8" 32'. Oalculato corre^et to cl eci metre 

the lieighli (d' the telt^graph post and its distance from the ob- 
servin’, 

5. Tlun’o are two routes from A to B. Orio goes straight 
froin A to D, another goes straight from A to C, and then from C to B. 
if the piu’pondicnlar distanoo of C from AB is quo inilo, and if the 
nngli! CABt- 32" 40', and the angle CBA^df)", find in miles how 
jipiith longer one route is than the other. 

Verify hy a diagram drawn roughly to scale. 

R. 


15 
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t^TiKMKNTAUY THKIONOMIVrU Y 


(), l\ibulaU> iho vaJiHtii oi: 2 sin Uiii 0 pli** *’ * 

nf (MniuiH), wiKMi uy\ ‘JO”, :My\ :jr>", w\ k'\ no-'. 

By ninanH f>£ a lind ajjprnxinuiUdy llio vnhuvi 

botwooii 0” tuid (K)”, for whWh Min viiliio of Uiin MxpriViriion J *■ 

7. Tlirou/^di liow nuuiy iiiiliJrt an lionr dora a jdim’ 

inovo in ({niimM(iiOJU!n (if l-lio rnhiMon of Min I'larMiV 'VnU*' Inn 
Viiivih nn a nplioro <jf nidiun .‘iDOO milon and Irhn jilarM in bo in 
hitiliinli) Ofi" 20\ (A imwor oon’ci?!- lo of a mi In.) 

H, SliONY Mini- Mio arna <►£ n. road Ijoundod liy l■^vu l■^l^M'olil rlo 
(!ir(!l(‘H h Mio ln’OH<llh of Mio ro/id iiinlUjdird By Min iim an 
lioLwooii Mio of t*iio itoundarioH. 

A (sinudiir road ia 20 wido ainl I Iviloinnlrn 

(nnnmuriul aloni^riOi oonl-ral lino), bind iln arna in jap iiinh i‘!N 


yi7n:hff/it/t/ LmjurUhmH ami iaujarUh mU^ o/i\ 

Oharim' vn.\ 

XX (IB 

1. bind Mm valuoii of and lW)7 '''\ 

2. Two t;owor« A and D nii a lovol |daiu miblcoid nii unnb* “f 
00” ail an obnarviir’a <<yn ; ho walkn dirootly iowardn B, a dj if im 
of 67 yardo 2 fh, and Mmn lindn (liali Mio anp[lo liidih-inh d i '* 
121” n', Ifiud Mm diKhinooH at A from llu^ iwo pnsdf innit nf i|m' 
ol)H(nw()i‘, (AuHWor oorrooi* h) of a yard.) 

3. With your protraoLor mako an aufjjlo XOY of 1 1 ', ox 
tako A ftoiMtt, from 0 and C M'lionm* from 0, and draw AM iJod 
OD porpoudioular to OX to iimot OY in B and D, On OV fok** I 
13’2 oiiiHj from O and draw Er porpondiiuilar to OY Mj inmd OX 
in F, bind hy ummmromout mid ralmdiiMon Mo* valti* i 
DA/AO, DO/CO, FE/EO. 

WritiO down Mm value of tun 4 i". 

L Tim index of rofraoMou (/t) in given liy /t* ^in#Aonr\ 
Ilnd /A when Mm angloof iunidmico (i) in 2 T 2M' und llm niigh^ ♦♦f 
mfmciliou (v) m 23” 
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/>, 'Find fcliG number of radians (correct to 2 placi‘s of 
clooiinalH) in the supplement of the angle of a regular hexagoio 

If 34° 48', find its tangent from the tables; tlirn 

oiilciilato its oosino from the formula cos au<l 

a/I H- tan'*^ 0 

eonipani the result with that givon in the tables. 

7. Tim distance botwoon two places shown on a map is thr 
horizontal distance, but a surveyor has often to measure up or 
down a slope. Tho distance measured in this way is greater tliiin 
Iho horizontal distance, and to reduce it to the horizontal 
distance ho multiplies by a number depending on tho 
jMak(^ out a table of multipliers for slopes of r)\ 10°, 

20", 25". 

8. Solve tho equatioji 

cot 0 -I- tan 0 ’ts 2 coseo 


XXIV. 


1 . A nnd B are two buoys 800 metres apart, B due K. of A. 
A vessel passes cIoho to B, and, steering due E., observes that, 
after 5 minutes, tho bearing of A is 33° 27' south of west. Eiiul, 
from tho tables, the distance the ve.ssel has moved, and eland; 
your result by a lignre drawn to scale. 


2. Iflnd tlio value of 

(9P-37’^)x32‘4 

7x8417 

3. Prove that 

(i) sin 0 (1 4- tan 0) 4- cos (1 -i- cot 0) = sec 9 4 eosec 0^ 

l-hsind l~sin5 „ ^ 

4 — » = 2coBeo 0 (cosec cos 0). 

' ' 1 -I- cos d I - cos t? ' ' 


4, A and B are two points in the same horizontal straight 
linn tln’ough the foot C of a tower, Tho tower subtends angles: 
a and /3 at A and 8 rospootively. If AB==.BC, A being further 
from tho tower than B, prove that 

tan ^ ^ 2 tan a. 

If /i^23", and tho height of the tower be 200 ft,, find from 
tho tables the value of a and the length of AB. 


15—2 
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Kr.RHKNTAllV' 'I’UiriONOMK'mV 


n. Find fclio illuniinntimi dun to ii Hpliorujal luinin(i.ry 
till) foi'ii mill /iff 8in‘''« cos d, Avluii'O /*•" j,)-, U“B , Oiild • 

0. If 0= l7“ir)', find its tangoiifc from llu) Tidilns, Hm" 

timd CiHii 

cftlculiito tlio Kino fmin tlio fonmik 

piiro tlio rostdl; with tlml. obtainod dii-ootly ft-nm tlm 'L'aldnii. 


7 Find from tlio Tables tlio variutiou in tlm oxiiiHiasinu 
sin A -|.:i taiiA wlion A - .-.l(r,20”, liO”, 40“, W) '. Hlustrat n «riii.lii 
daily and thoiioo dnfairmino tlio viiliu) of A for wliioli Inn nx|>i<'!> 
Hion I *7 4-. 

H. Tf a aiul h am I*1 uy widort of ii (irian^do o[ipnHi(;n A uiid ll< 


, ^ sill A win B 
pvnvf^ tnab j- , 


XXY, 


1. i.iio v/iluoK of tlio nxproHfmimi 

(i) 

(ii) (y'd():ii)7i3)x lis*57 l. 

‘j, iProvo tliali 

(i) 0 isofum <iot(9(onHOofl hooli/y) I* (i:oJiru 0 rul 

(ii) ooMiaiA I- mo A 'I* sin A-l oonA - (ain A A)(l 1 onatM? A himi A), 

Ii, "Pirnl tlio numlior nf radiana («?rnTon(i to .‘1 ]iIiu om hF 
dociinaln) in l^io HUpplioiiont of tlio aiif^lo nl: a m^pdar li/'iii ** 

21. widc^H* 

4, If a body m jurtt alMuiii to allp dnwii a rou^h iiiolini'.l 

. 1 1 - • - aiii (u \) 

piano nf juiglo iilio forco ro(pin'<i(l lio liohl it \\[y lu II ^ ^ 

Pind tho valuo of tUirt fomo wlmn 11'’= = graiiin wtoglii, 

17', \(-anglo of fi’iotum)- 17" IKK 


5. l*'ind fvoin tho iabloH tho valmiH of tiui I0rw*-d tan Toi 4 I 
when fc-0", r, r, ir\ n", 0% r, H% r. niualimlo grapldrally 
and tbenco clotonniuo thoValuo of p; whioh iiiakos tiui oxjM'ofkJnu 
oipuU to ’3G. \ 
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C), TUo JuJur-hiiiKl of a oluclc i« 20 uonUiiiobroa lung. Kow 
iiiuiiy uintiiuotrcw doow its oxti’ciniby riso (a) botwooii C hikI 7 
oVlook, (b) betwouu 7 aucl 1 1 o’clock ? 

7 . 8olvo tho equations ; 

(i) cos^?^8iiri8°;37\casl37" i r, 

(ii) sin 0 \4iiu 10®, 

8 , I'iud tlio vaUu3s of taii^^ 0^ mnOy wlioro 0 in tliu circular 
incaHUi'o of an angle of (i) 32®, (ii) 05® ID', and thus hIiow that 

tail 0 > 0 > sin 0. 


XXVL 

1, The distance of tho Oentro of Gravity of a scgineut of a 

circlu fi’i«ti the centre of tho circle is i where r in 

3 2a — 8U12 (x' 

tho radius and 2tt tho angle subtended at the coiitro, 

Find tho value when r~ 30 enis,, a- circular laoiisuru of 

2, Prove that 

(I) (1 - sin 0) (tan 0 -l- see tf) ^ cob d (1 cos 0) (cob 0 -i* costJo 0)^ 

(ii) sin ^ (1 - tail 0) 'i* cos 0 (cot d *- 1 ) ~ cosoo 0 — sou 0, 

3, Find tho values of 5*007^'^ and 

1, Loolc out tho values of sin 24® and c(iS 24® from tin 3 
n’ahles, tliou write down tho mno and cosiiio of IDO®, of 204® and 
of 330®; also write down tho sine and cosine of il l® and Ihid to 
3 places of decimals tho tangent of 114®, 

D, if tho radius of a circlo is 127 dociinetres, finrl the artj 
which Huhteuds 33® 12' at tlio centre, (Answijr to 1 millinietro,) 

0. Solve tho equations : 

(i) sin a? - 1 - ooseu a* - 

(ii) 3 tan^ a; — 4 tan x 1 ^ ^ 0. 
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HlJiMKNTAJlV- 'I'ltUSONUMlOTJU' 


Y Kroin cortiviu fixpoiiiiimite Youiig’s Modulun i« *“ 

■ 45:10 ^,au.) ..!• U.i.. -v 

Wx ('Cr63:l4)“x :5-H16 

preasioii. 

8. Find tho vidiKiH of l-« 0 H 2 fl wluiu ^ 5'’, ^ 

20®, 20°. llhiHkiito graphically and thonco Uotoniniit^ in 
of 0 wlion i -coH2tf 0 (iuids 0'2{)3. 


xxviii:. 

1. ll'iiul (ij from Uh) (iipiiitiou ^ 

(l-2;iri)’'-(0-043)». 

2. l<'iiid tlm valuo of 

;y2‘70l) X yr2'387. 

0. Pruvo ihali 

n) I:.:.'.'*’” Lt"*’” ^ u; 2 Um 0 (Hill 0 ■ - IH'O 0 ), 

I ' 1 - OOKOO 0 1 I- COHCU 0 

Hi) (hoo a - 2 Hill A) (coHOu A -I- 2 oon A) Hiu A ooh A 

; (tjoir* A • A) , 

1. Two posU of tlio wuiio ImiL'Ub Htiiud on oil.lini* nido id o 
nmd 120 ft. wido; id- 11 . imink in tlio roiul 5'‘d-woim tin; j ''*' 
(ilovRtiona of llio lopii of tlio pilliu-H am 57” 30' and .12 .10 . 

dm Imiglik of tlio piwta anil tlio po»itioii of tho point. 

5. Pvovo that 

cu«(:jr)0" -- A) I- Bill (1270*' A) cob ( 1 BO" -- A) - mu (:Jro * A) n. 

C, If 0 i« th (3 uunibor of mdiauK iu '1**2°, pcovii thul. 

> 0-T ^ V* 

7. Tho porimotor of a Hootoi* of a oirolo ib 15 uintroB, iiml ( !i» 
nuUuB of tho oirclo 4 motm^ lind tho anglo of tho mud nr in Dn^ 
uoavoat soooud. 

8. Solve tho equation 

3 (floo*'* 01 -1* tan^ (u) -- 5. 
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xxviTi:. 

1, Provo til ill 

(1 - cos Q) (out 0 H- cosoo 0) - tan ^ (i - kIil 0) (tan 0 -I- sec 0). 

2» Piiul tho valuo of *h l>\ whoii a « 71 3*5 luul b 42*8 { . 

3. Evaluafco tho oxproBsiou : 

»iu OG'* 24' . sin 23'^ 31' * Hiii_42‘*_liJ' 

Hhi 82" 52' . Bill 49" 43' "mn 71" 10' ‘ 

4. It: a strip of paper 1 kilouiotro long and *002 dnei inutro 
lliiolc, is rollocl up into a solid cylinchn*, find tho radius of tho 
oiroular qikIb of tho cylinder to tho noarosb niillimGtvo. 

5. What is tho angle of olovatiou of tho suii wlion the 
loiii^bh of tho shadow of a pilltir is 5 tiiiios tho hoiglit ol tho 
pillar ? 

G, M cos 0 - ihid cot (90" + fl). 

7. Givoii that tho radius of tho oartli is 4000 milos, what is 
tho latiturlo of a placo distant 2510 luilos from tho oarth^s axis, 
and wiiat is its distance, to tlio iioarosO milo, inoaHurod along a 
meridian, from tho equator? 

8. Find from tho Tallies tho logaritiims of 200, 201, 202, 

203, 204. lieprosont on squared paper the increments of tho 
logarithms corresponding to tho luldilioii of 1, 2, 3, 4 to the 
number 200, Show how to lind, with tho help of tho duigraiii, 
log 202*3, log 202*4. Oomparo tho result with that given hy the 
table of di heron cos. '' 


^Jnchulivfj IClmimnUiTy pTopi>vtieH wnd tiolutioii oj I viixuylo^, 
OliivpUvB VIII itnd 


XXIX, 

1, Provo that 

sec” A tan" A see A tan A (soo A I tan A) l (sec A - tan A). 

2. Provo that 

a° 2 {ah cos C -i- be cos A -I- ca oos B), 
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KLKMENTAllY M'JlIGONOMKTJlY 


3. Ciilculato Uio Jinglafl B Jiiid C, givoii b - 
A ^ S?'* 18'« [Verify by di'n^ving a figure to hcjiIo.] 

4. 1^'iiul tlio values of 

(i) 

02 n '7 X 82-3 X 101 -y 


5, If the three «idos of i\ (ixlaiiglo are IT), 17*22 find 1 l'»i 
raiitimotros rcHpoctively, find tho angle opposite tbo 
aide. 

(i. Given that tho base BC of a trianglo nieasuroH H ooni i' 
metres and BAi=:() cins., ciilculato tho area of tho trijitiglo ABO, 

when ABC-0'’, 20^ 40“, 60“, 80% 100“, 120% 140% 100% 1H0% 
rospectivoly, Ilhwtrato graphically and tlionco do dneo tlu> vnlnn 
of tho anglo when tho triangle lias its niaxinium aroai. 

7. 'llio four angles of a mmdrilatoral are in A.i*., and Urn 
diiVereiico of tho greatest luid loasb is equal to a right niigSi'. 
Express oaeli o£ tho four angles in d( 3 grcos and filso in ciroular 
moasiu’O, correct to 3 places of decinials. ( 7 r — 3*141 (>.) 

j KXX. 

1. Prove that 

(i^ - c^) cot A {a^ a^) cot B -h i'*) cob O 0, 

2. The elevation of a towtjr from a point A d\n» N, ol: it h 
observed to bo 45% and from a point B duo M, of it Lo Imj 32 , 
If AD — 230 foot, find tho hoighb of the tower. 

3. Solve tho oquabiou 

4 ein^ d •}* 3 cosee'** 7. 

4 . Provo that 

sec^ A - 1 - tan^ A (tali'* A •}« 3 tan^ A >{• 3). 

5. Pind X from tho equation 

6. Given that cit- 17*2, 6 -16*5, o^r. 14*3, find tho viihm of o. 
Oheck by a figure di’awn approximately to scale, 

7. If a ^ 1021 cma, 6-^ 723 urns, and B -- 41% llud A, 
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XXXI, 


h l^olvo tho oquabiun 

2 0 -I- 5 cos ^ — 5 0. 

2. ]?i’ove that 

tan B _ + 

taiiC**" c^’ 


1£ fcho iiroa of a Kocbor of a circle wlioao angle is is 
13 H(]. centimobroB, find tho circuinforonco of tho circle. 

d:. Do the aolutions of tho following triangles give any 
aiubiguiby 1 

(i) g=15, 6 = 21*2, A = 31, 

(ii) g=5‘2, 6=4*1, A = DS^ 

(iii) g=3*9, 6 = 4*21, A=G2'’3U^ 


5. Find the value of 

82*74 ><72*31 >< (7*4if 
(9^34)^ ' * 

(ii) (82*41)«‘'^«. 

0. If 0 = 82*97, g = 41*35 and 8 = 41” 22', iincl tho valucH of 
A, C and 6. 

7, C is blio conti’o of tho oirclo inscribed in a Hector ot a 
circle whoso angle is GO*’. From C tho lines CD and OF are 
drawn at right angles to the bounding radii of tlie s(jeior. Jujifl 
the ratio of the area of tho given sector to tluit of the BinaUcr 
Houlor thus formed in tlie inscribed circle. 


XXXll. 


1. In any triangle prove that 

a sin B 

tan A : 


0 g cua B 
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2» A man soca a caira on the odgo o£ a olifT and obaovvca that 
ita angle oi elovatioii ia 30“. Ho walks 234^4 feefc on level ground 
btraighli towards it, and finds its elevation now to be 45'". What is 
its height above him? How much nearer (to of a foot) must 
he walk on the lovel to mako the elevation of tno cairn incroaso 
to60“? (^3 = 1-732.) 

3. If ABC is a triangle in whicli the angle B is 58*"^ the angle 
G is 39" 12', and the perpendicular AD drawn from the angle A to 
the side BC is 15 centimetres long, find the length.s of the tlirco 
sides of the triangle ABC. 

4. If the voluino of a sphere is iTrr\ hiid r the radius when 
the volume is 127 cu, ceutimotros. (tt 3*142.) 

5. If the mean diaUncc of tlio cartli from tlio sun is 92*9 
millions of miles, and its time of revolution 305 -3 days, how many 
miles a secoiul does the earth travel? (tt « 3*142.) 

G. Given that a 35*27 cnis., 14*95 ems, and C 53" 42', 

find the vahics of A, B and c, 

7. Provo that 

coscc'^ A ( I *“ cos* A) - 2 cu(i'^ A ^ 1 . 


xxxni:. 

L Provo that 

(6 -i- o) cos A -t (o a) cos B {a h) cos 0 a -l* h -i- c, 

2. Find the area of a triangle the shies of wliiidi arii 5*1, 
7*83, 4*97 centimetres respectively. 

3. Prom a point A, a church hours X. 14" !M, and a troo 
El 13" N. Prom the tree, the ohureh bears N. 13" W. Tlio 
distance from A to tlio tree is 5 kilomotres. Pind tlio distance 
botweeii A and the ohuroh, 

4. Pind the value of 

yf8W7WlG7 X 42*9 
V J{3162)^' 

5. If A= 37° 16', 6= 126-6, 83-24, find B. 
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G. whiit (iinivoxiiiiiito distiiuvo must a coin, 2 coiiliinetrcs 
ill (liiiuiotin’, bo placed feotn a man, in order that tho sun may 
jusli bo hidden ; tUo angle subtended by the sun’s dianiotor being 
32'? 


7. fciulvo tho e(iuation 

003 0— sindas 1. 


XXXIV. 


1. If i 27 and 3ai = Gy, find a! and y. 

2. Solve tho equation 

(810)»’'i‘-7 >! (7U-6G)'’. 

:i. If the sides of n trianglo are Id, 16 and 18 eentimotros 
vospootively, lind tho anglo.3 opposite tho greatest and smallest 
sides. Clicck by a liguro drawn to scale. 

-1. In tho face of a vortical clifl', a mark 50 metres above its 
bnso'has an altitude of 32“ as observed at a point on a level with 
tho baso of tho clifT. At the same point tho altitude of tho top 
of tho flauHtaft’oti tho Bunuuit of the cliff, directly over tho mark, 
is observed to bo dD’. I’ind tho height of the top of the flagstaff 
above tho mark. 

f). Phul tho side of a stpiaro inscribed in a circle of circiun- 
foroneo 5 metros. (ir--3‘ld2.) 


G. Provo that 

c - «) ( 1 - cos A) == « (a I- c - 6) (I - cos B). 

7 Galoulato tho values of sin 2A - 2 sin A - 1 when A has the 
values 0“ D“. 10“, 16°, 20”, 26°. niustrate graphioally, and 

tlmnco dotorinino tlio value of A for wluoh the expression equals 
1-06. 
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ELEMKNTAHY TlllGONOiMliiTliy 


\Inelu<ivii(j Ihi^hts and jyistancd^^ 'iishuj logarithms, Ghapfrr .A'. | 


XXXY. 

1. A lliigstair G7 clGciniotros higli, Htiiutliug cjii tlio nf ji 
clilF, Bubtonda an angle of 0" 42' at a ship at soa, Urn angle nf 
olomtion of the clilT boing 15^ Kncl tlio diataiico (in moti'iSM) nf 
tlio base of tlio cli fT from the aliip. 

2. In a triangle ABC> if « = 35*47 cins*, cniii. tiiid 

B=::38° 12', liiicl the two values of c. 

Check by the formula CiC^-a^ — l)\ 

•h If^ tlu’co circles of radius 3*5 ccntiinotroa tuiioh inui 
uuotlicr, iliid the area betwoon them, (tt;." 3*142.) 

4. Jfincl the value of 

^^02471 X 82*i)5. 

5, Provo that 

a cos B -- 5 cos A - <j oosoo'-’ O (sin® A — siii^ B). 

b. In a quadrant of a cirolo another circle is iiuun'ilit tl. 

1 

Provo Uiat its aim is ~ — ~ — of tho area of tlio iirnt olrclo. 

3 4- 2 V2 

7. A bod of coal 3*2 iiiotres thick ia inoliuod at 22" in (hr 
surface, Calculato tlio iiiiinber of kilograms of coal tbai. U*« 
under 5000 sq, metros of surface, 1016 kilogramn of coal 
occupy 793 cu* dcoimofcim (Tho 3*2 metres ia to bo r<^gjirilril 
as a mcasuroniGiit at right angles to tho surface of the eonl lird.) 


XXXVL 

1. A mail 1*75 metres high standing 30*02 metres from (Iim 
feet of a tower observos tho elevation of tim tower to ho 31)’* I 
Find tho height of tho tower, 

2, In a triangle ABO the angles B and C aro equal, mu I 
tfingont of each of these angles is -J. Determine tho valiUB t>f Uim 
tlnrcl angle by means of tables and thou verify by the eonstruntit>M 
et a iiguro, 
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3. Ojiloulal.0 tho value of - 2I)g cos A wlion b = 123*0, 

= '11 ‘23, A = 4 O'" 52' given tliat the expression equals {b + c) cos <#>, 
where 

. , 2 A 

SUl</> = -^ cost:, 

6 -he 2 


4, Ih’oin tlio iimBtliead of a sliip, a rock is booh under an 
angle of deprosaion of 4“ 41', whilo another rock, 150 metres 
away from the alnp in the same direction, is Boon under an angle 
of chqH’CHsiou of 9” 12', Find tho distanco botweon tho rocks, 


5, Provo that 

a 


cos A -I- 






- cos B • 




cos C = 0. 


a. If a- 17-24, 6 = 15-48 and 0 = 29'' 14', And A and B. 

7, Find approximately, in minutes, tho inclination to the 
Imrizon nf an iiudino whieii risoa 1*07 metres in 225 metre's. 


XXXVIT, 

L A Bplierieal glass vessel has a cylindriocal neck 8 cm. long, 

2 oni. diarnoter ; tho diameter of the spherical part is 8 ‘5 cm. By 
uuuumring the amount of waboA* it holds, a hoy makes out its 
volume to ho 345 cu. cm. Find by calculation .whether he is 
csn-rcct, taking tho above as inside ineasuroinont and tt as 3*142. 
Tako the spherical vesHcl and the cylindrical neck to be complete, 
iK'glce.ting tilo fact that they overlap. 

2, ( khiulato tho values of 

72‘41 X 373*9 x *0257 
B-'i? X -nsoi ’ 

(ii) (i-42r))'«>. 

ii. Ill a U'ianglo ABC, ft =:94 ems., B^=r) 8 ‘‘ 2 r, 0 = 42 '' I t'. 
( laUiuiiilio tho length of c. 

Alai) find what error ia made in. tho length of c if tlio angle 0 
ill tlirough a wrong measurement taken aa dS" 17'. 
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EMailONTAllY TUiaONOMF/rnY 


4-, Two Rpootatovttj at) two stations 32 iiiotroa fipavtj ohsorvo, 
at tlio samo inst*ant, tlio altitude of a kite, nml fiml it to bn 
38“ 18' at each place. The angle wliicli tlio lino 
station and the kite subteiuls at the second station is 5/ Tl. 
Find tho Jioiglit of tlio kite at i^io moment of obscuration. 

5. Find Idio ratio o£ an angle of a regular polys^^n of 2n 
sides to an angle of a regular polygon of n sichm. Olioek your 
result by supposing 

G. Tangents are drawn to a circle of radius 1 eon time tro 
from a point distant 3 ema, from tlio eont’ro, Find the length of 
the chord joining the points of contact, and prove tliat the area 
of tlio triangle contained by it and the tangents is approxinuitc^ly 
2*5 sq. oma. 

7. Provo idiat 

(1 -I* sin A)^ {cot A -h 2 .sec A (1 - coseo A)} 4* oosee A cos'^ A ^ 0. 


xxxvm 

1. Draw tlio graph of 2 sin 0 -I- 3 cos 0 for valuoa of 0 between 
0" and 180“, and from your figure atatn the greatest value of tho 
expression between those limits. For wbat values of 0 is ti)o 
expression equal to 2T)? 

2. A and B are tho summits of two mountains wliicii visc^ 
froin a horizontal plain, B being 1000 ft. above the plain. ^ Find 
the height of A; it being given that its angle of elevation, as 
seen from a point C in the plain (in tho same vortical plane with 
A and B), is 50° ; while tho angle of doprossion of 0, viewed from 
B, is 28“ 58', and the angle subtended at B by AG is 50“. 

3. Solve tho equation 

6 tan*<?-4flin''^>=:= 1. 

4:. Provo that 

a (cos B cos C *1- cos A) - h (cos C (ios A H cos D) 
rr a (cos A COS B -I - cos o), 

5. Prove that 

2 aeo^ A - see** A - 2 oosoo® A oosec* A cof* A - taid A, 

6. Solve the equation 

(723f'^+^-:8x(829)^''b 

7. If a = 82G*l, 6:= 741*5 and B-.-42“irf, Gnd A. 
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XXXIX. 

1« So I VO tliQ ftqnations 

(i) 10«“^ - 2-31)1, 

(ii) tan os — ain 67“ 30' . cot 17“ 

2. *rho mutual distances of throe points in a liorizontal 
plane, from whicli the elevations of an inaccessible object are 
the same, ave 732, 820 and 924 metres. Find the height of 
the object, ita elevation from each of the three stations being 36“. 

3. Provo that 

cos A (2 sec A -f* tan A) (see A — 2 tan A) := 2 cos A -■ 3 tan A. 

4. Two places on the same meridian are 192 '5 kilometres 
apart ; find their difference in latitude, the earth’s diameter being 
1 2,700 kilometres. Answer to the nearest minute, (tt == 3141 6.) 

5. In. an isosceles right-angled triangle a straight line is 
drawn fi-om the middle point of one of the equal sides to the 
opposite angle. Show that it divides the angle into parts whose 
cotangents a.i’o 2 and 3. 

0. A person in a ship under sail sees two objects known to 
be 5 miles asunder, the one N.N.E., the other N.E. ; after 
sailing nii hour and ton minutes due East, he sees the same 
objects in a right line, and 7f W. of K Find the rate of sailing 
and the distance of the ship from the nearest object at the time 
of the last observation, 

7. Find the '\-alu6 of Young’s Modulus from the formula 
4536 X 981*3 x 271 
-133 X (-05334)^ x 3*142 ‘ 


of Oowpo"\hwl A'iiglQs^ 
GliapteTS XI and XJ/.] 


XL. 


1, Pi'OVO 


L I. V u . 

A B A B 2 (cos B - cos A) 

(i) tan cot 2 2 2 "" sin A sin B 

sin A (s ^ + see A^ . 


(iO 


2 sin 2A - sin 3A 
cos A 



2H2 


KTiTSMKNTAnY TTIIOONORI 


2. A tower ataiidsi on a horizontal phtn*'> 
from two pointa on tho piano distant 15 
from ita baso respectivoly. The angle of oUwa^*^. 
ill the former caae is three times that iu tin? 
Jieight of the tower, 


3. Ill solving a trianglo wlion given /i, A» *' 
0 are C, and On, show that 

Cj 'I* Ca 


sill ~ 


eos A, 


4. 


If A I' B -i- 0 1 80*", show that 


sin B H- Bill C - sin A , B , 

V— — - " tan tiin 

siu B H* am C sm A 2 


O 


n. The (lidoronco hotweon two angle's is I/* 
moasnro nf tlinir sum is 1; find them iu 

0, FjUininate y lioivwonn tlio equations 

\/3 tan ftj •£■ tan y^^\]% -h 1 > u\ •[« ?/ ^ ^ 


7. If 


])rovo 


sin 2/? 
tan (;[.!./?) 


sin 2a -I- sin 2u' 

I sin 2a sin 2a^ * 


■h Ian 


(I “) ( j- 


XT,T. 

L Clivon sin 2r 20' -*3038, 

cos 2r 20' : : -9315, 

find A, B and C (all loss tliaii four riglit angh'/i) 

sin A =5 — '3038 and cos A ^ • 'IKS 1 
sin B = - *9 315 and cos B ^ • • *.’? ( > ! 
sin O t:; — ‘3638 and cos 0 ? - I “Uil 1 


2, ABC is a riglit-anglod triangle, anil tli 
the right angle o cuts AB iu D, sliow Unit 

PBt-:ADtHnA. 
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II Tlio hypotuiuiso of a rigliir-Eiiigled Lruiuglo isi lOUO luotrcH 
long niul tlio dilleronco between the other two sides is 240 metres; 
euleulato tlio other sides of the triangle, and check your result 
by drawing the triangle to scale, 

*1 , Prove that 

(i) A (I t soc 2 a) ^ 2 me 2A, 

(ii) siu (iC -h z) sill y - siii {y 1 7 :) sin a: =:^ sin a sin (ij - x). 
r>, Provo thali 

sin 7 A ( 1 -i' 2 cos 2 A t 2 cos 4A -t- 2 cos 6 A) siu A, 

0, Holve l.ho Gcjiiatiou 

f) log X 3 log -.log 2592, 

7, IHiid the values of tan 0 from the oqnatioa 
(jt I- 1) sin 2<? -I- (n - 1) cos ^0 ?6 + 1. 


XlVlb 

1. !Provo that 

8 (Kin'-> '12“ - oils'* 78”) - ^/S i- 1. 

2. If 0 is tho siiialler of tlio two angles into which a given 
angle A is divuUul, ami if tlio sines of the two parts are hi the 
ratio of 4 to 5, sliow that 

0 tan — 0^ tan “ . 

3. Xh'ovu Unit 


(i) 

(») 


(siu A cos A)^ “1- (sin A cos A)‘‘ ^ 3 - cos dA, 


(cot^ A — taii^ A) 


8 cos 2A 
J. - cos 4A ‘ 


4, ABC is a triangle such that if tlio straight lino AD he 
drawn within tb« aiiglo A making tlio^ angle BAD double the 
angle DAC, this Hue will iutoiwjot BC in D so that 

BD :::: SDCJ 

show that coos CAD, 
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D, FIikJ tlio posifcivo vuIu«b o£ 0 Iciss Llmii 

lh(3 oqiuitiuiis 

(i) 17«in^-15BmG3‘’ 18^ 

(ii) cos ^ cos 37” 59' (ios 153“ IS\ 


1 * t 


G. Show that 

(i) (lHCO.j)(lH.CUsi^)(l.,-OOH;'^j(j. 

...V TT ^TT Dir Ttt 1 j ^ 

(ii) cus Yq ♦!' cos Y^ -h (JOS Y- J 3 2 I 

W jS^w til at 

(i) ^ sin X H' sin ^ ‘h sin - sin (ft* ^?) 

- 4sm ii-— Hiu 

(ii) Jilxprcss in facturs 

sin 2n/\ -h sill 2/tB -h sin 2/iC, 
wlicio is iia into^or and 

A *!• B 0 — TT. 


XLXIX 

1, l*l’OVO tllllt 

(i) J.8iu 5A - Kill 3A - 3 Kiti A == d kIu A uos'-" A ( 1 
tan a -l- tun 0 -i- a) -i- tan .|. a) -= 3 tiiii 

2, If A 'h B -h C = TT, prove timt 
sin® A V siir* B + ain^ C 

o,, „A B C 3A :\B 

=5 O <- ^8^ COS - COS g- COS -y COH ^ ( 

3, fciolvo tlio equations 

(i) - V2 sill 0 -I- a) a! -I- J sin 2« r - O. 

(ii) (u'‘- 2 c()t 2 / 3 .i«-l=. 0 . 
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4. P iuul Q aro two atationa lOOO niotnjs apart uii a straighii 
<3 toll of sm alioi’o and P is duo 15ast of Q. At P a rode l>c3iirH 
AV. of S., at Q it boars 35^* 3S. of S. l^iud tlio distaucu of tlio 
sit from tl »3 shoro to tlio iioarost iiiotro. 


G. A, B, 0, D aro conseoiitivo ungular points of a rogulai* 
show tliat 

AB : AO : AD :: : ^2 : 


15. ABD is a trianj'lo wh().s« sicluH BD, DA, AB arc 3, 'I, 0 onis. 
Hiootivol^'-; BCD is an cquilatoral triangle and A and C aro on 
pjosito bides of BD ; show that 


bill ADD 


-v'20-l- 1273’ 


7. Oivon 


vo that 


tail 0 - 

bin ^ ^ 


tJui It -I* tan /i 
i H- tan (t tan fi * 
sill 2a >1' nin 2/^ 

1 -i- sin 2tt bill ‘ 


XLXV, 

I, Provo that 

(i) bin A -h sin hA sin OA - sin IhA « i sin llA sin CA sin 7 a» 

* /a /a *1 »!a 

(n) uosoo A -h oosuo f A *1* -I- oosoo f A -I- - o oosoo oA. 


2, l.h’ovo that 

cos cos \^0 
cos 


yt/ cos !«£/ ,, , ,w. 

- A • - 2 {cos (id - cos V2i0\, 

30 cos hO ' ^ 


3. ^i’o Ihid the breadth A B of a river an ohsorver moamiros 
AB produced a length BO of 20 metros and then walks a 

HlaiKJO OP of 100 metres at right angles to AC, Ho iiiids that 
15 Rub tends 3 O'" 40' at P. Ifiud tlio broad tli of the river and tin 3 
k^lo BC subtends at P, 

4. Xh’ovo that 

(i) [sin (1 ‘I* sin 0 ) -1' cus (1 *1* cos 0 )\ 

[sin ^ (1 - sin 0) I cus ^ (1 - cos 6/)] - 2 sin 0 oos 0 -- 

(ii) (1-1-2 C50S 0 tan 0) (2 • hoc 0 oot 0) - cus 0 (3 tan 0 ^ cot ff). 

10-2 


m 


KI,E MEN’J’AU Y 'I'JUnuNOM. K'J'JlV 


5. Iti a triaiiglft iho parts 6, A aro given mul b pJ'nvn 
tliab if Cjj Cj are the two values of the third side 

a^. 

6. D is the inidcllo point of AB, tlio com in nit. lianti ol Lhrm 
iHoscolos triangles^ wluwo vortices are Oj, C 2 , C-i, 

2CiD :=CyD-^AB ami 2CyD ^ 3AB. 

81 k)W that fcho tlu’oo vertical angles aro togotlun* o<|nal (.0 C-wo 
right iiiiglos. 

7. IVl is the initldlo point ol! the sido DC t»f t^ia^gh^ AfU', 
which is such that ^3AC«4AB; and 2AM~liBCj show that 

, A MB /T 

‘^“>-3 — Vrr 


XLV. 

L Provo that 

(i) ,3 coscc dA -I* 2 cot dA cob A — tfui Ay 
HOC 0 — tan 0 - tan . 

2* Points A, B, 0, D aro taken on the oinminEuvniicn of 0 = 
cirolo HO that tho area AB, BC, CD subtend roH|i(setivoly at diet 
coiitni aiigloa uf IQS'", GO'", 53 O'", hIiow that 

AB-BCH-CD. 


53. Provo that 

(1) siu — — sill — 4- slu — ’ mu - - ii : ni n Jj i*: lu u 

(ii) if A 1^26-180% 

2 sin® (A ^ B) (2 - coa A) •- (siu^ A -h 2 siii'^ D) (1 - • 8 cuh A tt). 


4, L^iid cos 0 from tho equation 

(d GU8 {0 a) -- 1 } {4 COS [0 ^ a) — 1} C (!2 c<in 2a • I ). 
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T). Provo that 

(i) 8 sin (A + 4S“) sin (B + 45°) sin (a - 45°) sin (B ~ 45°) 

= cos (2 a + 2b) + cos (2 a - 2B}, 

(ii) cosoc A + 2 costso 2a = soc A cot ^ , 

Jj 

r>. Tu fi iii’iatiglo ABO tho angle A i>i a? flngrcea, the anghj B, 
lOaj gnulos, and tim circular nieasuro of C is ~ . Find the 
nuinh(M’ of dogrooH in oaoli angle. 

7. 3h‘ovo lljat 

(i) >coH d - 2 coa r)6> 4° oo» 9^^ ^ 2 sin 20 (sin 30 sin 70), 

(iiy sin® 0 sin 30 -h coa^ 0 ooa 30 ~ cos^ 20. 



APPENDIX ON PROJECrnON. 


1 Dkp» If from 2 ^ 
extremities of a lino porpoiidi- 
oiilars qH bo drawn to nnothor 
lino AB, tlien MN caUed the pro^ 
jection of tlio lino pq on tlio lino 
AB. 

If in equal and parallel to 
tlien its ])rojoction M'N' is ol)- 
A'ioiialy equal to MN, tbo prqj(^ction 
of pq, 



Theorem 1» To find ilm hmjlh of tho ^yvojf'Cdion 0 / Vmo 
pq on OX. 

30mw OP parallel and 
equal to and PM perpen- 
dicular to OX. With con ire 
0 and radius OP describe a 
circle, 

Tlio projection of pq on 
OX 

" proj. of OP on OX 
«0(V1 
“OPcoa^i 

whore 0 is the anglo obtained 
by rotating in a diroe- 

lion from OX to OP. 

It OY is perpendicular to OX, 

the projocUon of OP on OY -- ON 

MP-OPmnft 
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Tf tho aiiglo 0 is in tho socoiid quadrant, 
t)f OP on OX ~ OM 

= OP cos Oy 

similarly for tho third and 
-ourth quadrants. It is thus 
^l^>vioua tliat tlm projection of 
on OX will ]>o negiitivo in 
second and third quadrants, 
rt may similarly ho shown that 
J'Uq projection of OP on OY, tho 
^incs at right angles to OX, is 
always OP sin 

Tims tho projection of a lino 
on OX in all cases equals 

y)q X casino {miglo hotiooen pq (ind tho positive ilivootton of OX), 

Theorem II. Tf tlm sides 
a rectilineal figure POPS bo 
l>i*ojeoted on a lino A B, then 
projection of PQ.-a6, 

)» »» 

„ . „ RS - cd ' “ r/r, 

,, jj PS --(uh 

sum of projections of An d b c 

* pa, QR, RS ah H- he - dc 
” ac — do 
ad 

))roj fiction of PS. 

It is thus also at once ohviouH that the suin of the projeotifnis 
of PQ, QR, RQ, SP projection of PS i- projection af SP 

“ ad -t da ad — ad ™ 0. 

/, (i) Tho sum of tho jn' objections on any lino of any nnmhev 
f\f hrolion linos fnviny two pohiis P, S pvojocMoii oj PS oih the 
s^ftwo Ihuu 

(ii) Tho sum of tho projeotums of tho sidoH of a polygon on 
tt'tty stvaight lino is ^oro. 
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Tha Addition Formulae* 

Ateihod /. 

Tako a lino OX = unit of 
length, 

With centre 0 and nidiiLS 
OX clcrtcvihe a cirele, 

Let a lino Btarting in the 
position OX rotate through an 
angle A to the position OP, ancl 
tlieii through a further angle 
B to the position OQ. 

!Fi'om Q. draw QN pnrp. to 
OP, 

Produco QN to moot OX produced in L. 

Angle between OX and 00 A h- B. 
j, „ OX and ON- A, 

„ „ OX tind NQ= MLO 

-ONLILON 
= fl0^.hA. 

Now proj. of OGi on OX ~0Q cos (A-i- B) ^ cos (A *i« B), h\nm O a ^ , 

proj, of ON on OX ~ ON cos A 00 cos B cos A 
-CDS B cos A, 

proj. of NO on OX-::: NO cos (00^ -i* A) -- - NQ sin A 

™ - OQ sin D sin A : : L sin B sill A, 

and the projection o£ OQ on OX sum of projections of ON iiin! NO; 

('PlHuiroiti 11.) 

cos (a h B) COS A oos B - Bin A sin B. 

Jf OY is pnrp, to OX> then 

projection of OQ on OY OQ sin (A h B) : : sin (A i D), 
projection of ON on OY ^ ON sin A rn OQ ons Bsin A 
=3 cos D sin A, 

projection o£ NQ on OY: - NQsin (90'* -l- A) - NQcon A 
==OQsinBcosA KinDisjrtA, 

and projection of OQ on OY sum of projections of ON mnl NQ^, 
sin (A I- B) rr sin A coa B -i; oos A sin B. 
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appendix on PDOJKC'TTON 

//a ctnd B are hotfi ohluse^ 

Prom Q draw a pfirpoiidicular 
QN on PO produced, and Oq parallel 
liO NQ. , 

Anglo between OX aiid OQ 

r:: ^ 4 - B. 

Angle between OX and ON 
-AP180". 

Anglo between OK’ and NO 
angle between OX and Oq 
- A + 90^ 

])rojecfcion of OQ on OX = OQ cos (A -h B) = cos (A + B), 
projection of O N on OX ON cos (A 18.0“) = - ON cos A 
= - OQ cos (1 80“ - B) cos A 
™ cos B cos A, 

projection of N Q on OX = NQ cos (A p 90“) 

NQsinA 

OQsin (180“ - B) sin A 
= -sin Bsin A, 

and projection of OQ on OX - sum of projections of ON and NQ, 
cos (A -h B) “ cos A cos B - sin A sin B. 

Tf OY is perpendicular to OX, then 

]>n)jection of OQ on OY ^ OQsin (A B) sin (A -h B), 
proji'etion of ON on OY -■ ON sin (A+ 180“) — — ON sin A 
== - OQ cos (1 80“ - B) sin A 
r= cos B sin Aj 

jn'ojectiim of NQ on OY -- NQsin (A-t 00“) 

“ NQcos A 

“ OQ sin (1 80^' “ B) cos A 
— sill Boos A, 

and )irf>jeetion of: OQ on OY-suin of projections of ON and NQ; 
si 11 (A h B) ■ ; sin A cos B •!' cos A sin B, 

Similar proofs may bo obtiiirnsl when A and B have otlier 
inagnitiidt's. 
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In bobli those formiilao, writing - B for B, wo Ijavo 
eoa (a - B) = cos A cos (— B) — sin A sin (— B), 
am (a - B) " sin a cos (- B) h- cos A sin (— B) ; 

/, cos (A - B) r= cos A COS B 4- sin A sin B, 
sin (A “ B) =: sin A cos b - cos a sin B* 

1I< Allarnativo Mf.ihod, 

Lot Ox and Oy be two rectangular axes and let th(^ direcjtiou 
AB niakn an angle 0 (where 0 is the 
angle Ox must rotate through in order ^ 
tliat it may bo parallel to AB) with Oa?. 

Then a point moving along tho 
straight lino AB in citlier direction 
will be Haid to move in a direction 0 
witli respect to tho axes Oaj, Oy, 

If it moves in a direction from A to 
B it will ho considered to have moved a 
po.nlivn distance, but if it moves m tho 
direction from B to A, it will ho considered to move a mf/athw- 
distance. 

Theorem X. If Ox ami Oy are tivo rcctanyular and 1/ 
a 2'ioint moves from O ip P a distance r nni/tt in ihc. direction 0^ 
(he coordinates of P m'o 

r cos 0 and rsind. 

Lot 00 be in the direction 0 and lot a) and y he tho «nordiiial,<^s 

of P. 

l^rom P draw PM perpendicular to Oou 

Then, no matter in wliicli quadrants OQ and P lie, wo always 
have OM and MP both in magnitude and sign. 



Cask I, Let r he 'i^asitive. 


Then, no matter in wliioli 
quadrant P and Q. Ho, wn have 
by the dorinitions of siu^? and 

cos Oy 


cos 0 ~- 
sin 0 - 


OM 

OP 

MP 

OP 


fc 

r 

r 


i 


2/ - ?‘Kiii 0, 
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Oasis II. /jei r be negative. 

Along tlm lino OQ, cut off OR equal but oppowtein sum to 
OP, and draw RN perpendicular to O.-r. Then, no matter in 

whioliqimdranta P, Q and R lie, wo have 

OR=-OP, 

ON = -OM, 

NR=:- MPj 

therefore by tlie dodnitiona of sin 0 and cos d, 

OM _ * 

[ 5 


cos 0 = — == 

OR —OP 


OR — OP 
x~rco!iOy 
y — r sin 0, 


OP r 
MP ?y 

op"' 



Wn liiLvo til us si I own limt tlio tlioorom is truo for all valiios 
of r and 0^ positivo or iingativo, 

iUm, I. T£ O.'fi and Oy aro two roctaiigulai* axes and if a point 
tuovHs from 0 to P, a distanon r units, in tlu^ direction 0^ then it 
(•ould liavn arrivcfl at tlm sain o point by firstly moving from O a 
distiuicn rcns() in tlin direction O.'j? and 80(3oiully moving a dis* 
tun CO 9 Mdti in Uio din^idion O^, 
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Con. IT, If 0.^■ and Oy nro two roctrangnlar axoa and a point, 
starting from any niovea a distanco r units in tlio dirootion 

0^ its. coordinates arc algchraically increasnd by 

rcos^ and rsin^?. 

Theorem II. If Oa* and oy are lioo rerMmynlar and 
A, B, C any thro.n pointsi^ then 'if a pohit moveft from A lo B, rmd 
thm from B C, Iho total increase m its x-conrdhialo isf the same 
aa it would liam heen^ had the point moved directly from A lo C, 




Let Art, bS, Crt bo tho porpondioiilars from A, B, C on O.u 
Til on, as tlm point inovos from A to B tlio inorouw^ of its 
abscissa is 

Oh - Ort, 

and as it iiiovcs from B to 0, the inoroaso of its abscissa is 

0r3~06, 

Wlicn tilio point inovos from A to C diroctly, tlio inoroasr^ of its 
abscissa is 

Oc- Ort. 

total inernaso in abscissa in moving from A to 0 tli rough B 
Ort) H- {Oc-Oli) 

Oo - Ort 

incroasn in moving from A to C dirnotly. 

Theorem III, For all mayniiudes of 0 itml 0, or 

neyalive^ 

COS {9 S' <p) COB 0 COS 96 - sin 9 sin 



APPKNDIX, on PROJEOTION 

l-(!b OX luul OY bo two J'crctaiigulur uxes and suppose 
U> I'oUto iiboiifc o through 
ail anglo 0 m that tlioy take up 
tlio now pomtioim Oa; and Oy, 

Jjot OP ho drawn in the direc- 
tion 0 with respect to the axes 
O.'c aml Oy, and lob OP contain r 
units of l(3ngbhj r being positive; 
then witli rospoct to OX and OY, 

OP is in thu direction {0 -i- 0). 

33 raw PM peipendiciilar to 

Oa’, 


238 ^ 

these 




'I'liou (i) a i>oint could travel from 0 to P by passing through 
M, and would niovo a distance 

r co>s <j} in the tlircction Ou;, 

and rHuiij) in tho direction 0^/. (Th. I., Cor. I.) 

IJ{mc<i the }«>infc could travel from O to P by moving, with 
respect to OX and OY, a distance 

9 * cos 0 in the direction d, 

9 * sin 0 ill the direction (0-h DO'"). 
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JiT.-EU lONTAllY raiGONOMKTU Y 1 1 < i i i . 

142- To fmd the radius of the oircu/mcirdo of (t 
'' i triaugle. 



([ ^.Aa4S. To find the radius of the in-circle of a irimuilQ. 

' TliG in-o(3ntre I Wng found by bimirdang l.wo uugl<>M 
of tphe triangle by tho linos Bl, Cl, a puriKinduMilar ID 
drasvn to tho sido BC. 


Wo liavo already proved iu Arts. 71) and <^0 thal 
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B C . B . C 

a sin g- sin 2 R sin Asm ^ sin 


cos 


2 


COS 


. A . B , C 
: 4R sm g sm ^ ^ * 


Koto tliat 


IB 

a 


sill 


COM 


. . A . C ^ 

|B===d:Ram *^8iiig*, ofcc, 

I' 144. To find ike radins of an esonbed circle of a, 
triauffle. 

The- e-con tro opposite the angle A is found hy InsocUng 
tho oxtciior angles OBF, BCE by ^ 

the linos Bh and Oh. Porpeu*- 
dieiilar.s hD, hE, hF arc then 
drawn to tho sidoK of tho triangle, 

A ABliC — area of BljO 
ABh-h ACh- BhC 
i'Cjri -p U))\ ~ 

/h'hO' 

z=ir 


/b'ho — 

'H" 2“-) 

/& + « + « \ 



= ?•, (,>! — ft) ; 

A 

* ■ " a — a ' 

Siiniliirly if ra uiul r, aro the radii of tlio c-csirfilna opposite 
the niiglos B and C respoiitivoly 

A A 

*’ii — — r > I’s — 


8~t! 


17 - 
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146- Let OD (=: CE) a -- w. 


}. AF = c 4* ^ and AE — 



If I is the in-ccjifcro, fclion Allj is a lino. 

A 

rj^iAFtau^ 

^ A 

= s tan ^ , 


Also r;^ = BF cot FliB = (s — o) cot ^ / 

2 I 

== EC cot EIjO « (b — b) cot , 

2 

Boa 
tan ^ {h a) j ^ {s ^ c) oot ^ 

n ^sim a) cob| *= {s ^ b ) cub . 
^ /5 ^ 


Similarly 


l*UOPJ5UTIE» OP TIUANaEES 


24-3 


(t KB • a 

C 

B ‘‘"'^2 
2' . B + C ’ 

Sill — :r- 


Vi = 


B C 
a <5os cos -A" 

A A 

A 

cos^ 

B C 

6 sin A 2 2 osinA 

am B A am 0 

cos^ 


A1h{) 


, . A C 
0 HU) 2 * cos -g- 

: _ 

mu 2 


or 


, A B 

0 HIM COS “ 




B 0 
a cos ‘2 COB *2 


sm 


^ cos 2 

B O 

2R sin A cos -g oos 


coa^- 

, A. B C 
— 4R sin ^ Gos oos ^ 

^wiili roiTt^siionding oxprossionH for ra and r^,- 

c 

,Ni>lo iliiii) 


l,B 2 
A’ 


cos 


2 


, A 0 

/, liB — dR mn -g cos -g > otc. 


B 0 

cos ^ cos ^ 


cos 


< 



KhKMKNTAliV TJIJCJDNOMKTIIV 


M4 


147 . 


Kx. 


ijf 

1 . 


]?r()V<) ilmli 


. 1^.1 ^ 


1 

r 


i 1 1 a 

n ' f-j '' 7 -^ "■ A ' '■ A ■'■ "a 


it.w - (a I' r;) 

'"'a 


'"a 

1 


r 


Kx. 2. 


Show Uialr 


il 


ICxproHHion 


'In’* (nin’* 13 

.. 


ftiniBHiiio . 

HUI (D ' ' C) 

' Miii’’C) sin fl Hill O 

*mii{n <^) 


4 R'*’ Hill (B l 0) 

■ ”'2 


, niii Bm\ Ci 


'i R'* mil A mil B siu O 

" ' 2 

- J A 


liXAM:WVI']H XXX, V. 


Pivivo tliaii 




^1. 

At i Vr?’iV‘i>« 

• a. 

Ar, , 





rj r 


V 

' ll 

r h ' 

M. 

Ar,'‘’V'’" . 

r.j-l-ra 


•"'n, 


■ iu 


h ?’ 


b~i} 



r 

i.' r. 

A r^rs tiiii ^ . 

J 8. 

A « • r/j it 

A 


[4 III A I 



xiv] 

raOPEHTlKS OP THIANOLEB 

1). 

A == + r^ri. 


10. 

A - r + r^r^, 

-j* _ 


11. 


' VI 

»’«■'= »W8- 


- lii. 

ri^ai’a - r' cob’ ^ cob’ | cot’ ^ . 


i 

4Rrs ~ aho. 


f ">■ 

'i' + 


10. 

r,^ i::i r cot col) . 


17. 

»•»', = rat'a bt^ll’ ^ . 

* 

1«. 

({ (rr, I- ~ h {r'i\ i- rsv,) « 

: c? (r-ab 

1!). 

(?- 0 (?-‘)(?-')- 

IR 


2()! .2R Hill A «in B Bin O = r (sin A + Bin B sin O), 
A ii'J,.' 2 (R + r) ■= rt oot A -I- 6 cob B + 0 cob 0. 



vj 2!J, /dRr + r'* -- ttb.-i- he -i- ca - s\ 

' 0,1/ ^ 1 I 1 _1 

, I) hTu B * a sin O b sin A r ' 

I d A (cot A 1- cob B I- cob C) = a? + fr" + dK 

20. (1) - a) »a»*» I- (o - «) lai'i + {a~h) tVi = 0. 

COH A cos Q cos C a sill A + 6 sin B + c sin C 
27. ---- -t. -l- - 

2H. 2R (1 -cos A) 

• f cos A ccis B ^ cos C _ 1 
" oHiuQ ’ asiiic SsiiiA R’ 
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ICLKMKNTAIIY TJlIO( )N<)MK TU V 


|VniAl\ 


30. Find tlio radiiirt of iljo iiiHcrihod oirolo {>f a ii'iungln 
whoHO sidos aro 700^ (ii)0 iimt 240 fdofc. 

31. If iho Hides of a trian/^ln are 3, 4, 5 inc?)ieH in lon^dli, 

in wliafc ratio do the points of eoiiiiiot of Iho cirelo 

divide tlio sides? 

32. If the Hides of a triangle are H, <5 and D eeiitiirintrrs in 
length, iind the rad in h of tlio eireuin-dii’rlo. 


Provo that 

33, Ti (eoH D - cos 0) l (eos C - ens A) *f< r.* (eos A • eon i]) ^ d). 

34. ’i' . 

4R~-?»,-rii ivi-ra 

36/ cos A -f^JaCos B COH C (1 -i- eos A eos D o), 

where 2h) 2hi) 2h IHM’pondioniarH fn»iii A, B, O mi Iho 

opposite miles of the triangle ADO. 

30. atio -i’ (a « b) (J) - (?) (« (t) iRr (ti eos O l- /> (ton A t- n n ni B), 

37. ^/*^ 8 R'^ (1 * 1 * cos A ooH B eoH O) ™ -i- //’ -e c't 

38. - 2rt" Ar -h a {r^ -f- 4r’R h A'*) - 4 ARr“ ~ - 0. 

39. If is the perpend iini I ar from the iinglo A on (u BG, 

^ * 

p - ?* coseo *ij v(l 'l-eoH B) (l hmuw C). 

40. If in tim amlnguous ease of the Holution of a Irlanglo 
wlioro ii, 0 and 0 are given, the two values of h /ire //, in id and 
ri, rj he tlu> radii of tlio corresponding iiM?ircl(^>s, jirove tha-t 




iinil 


/ \ • 

^•,ry=:: a {a 

(ti 

. /'IR— r, — v'u 

A' = r,r3 ./ . 

V' V*. ' ' 


41. 


'V '/rtr., 

42. l^rovo that if 0 is the angle at wliieh the pei pojuliiinlrii' 
from tho vortex A to the side DO of a tri/uigle ABO enla the 
insorihed circle, then 

COH <? ^ (D - O) OOHOe i A, 
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'l!l, I’kivii ilifii' 

liiii’’ A 1 Jiiu It niii < ! .h w A ; HA'' ((r' | /('■* i- <r)j,rl,M\ 

I i, Viiivi} flint, it flin iMMivitnr ol* Mui nn^jflo C (^nts AB in D 

f lilt (MiiMiMi t'Urin in K, 

CE/DK ,.'J 


1 48. Medians. 


If AD. BE nii.l OF ur.i tlm mf(]iuii.s, G fclio point of 
w hn.iwii um I, lie (kiUroid, aii<l by .IClcmentaiy 

( b'omiidy QQ ‘ ' I . 



CP. 


140. If a i;i l.lio iiiifflo flint AD luukoH with BO. and 
Al l i I pi I |i('mliciiliir In 130, 

Dll f, KBD I DH) (DO DH)| 

HO); 

,, 1)1 1 i BH - HO 

' ah AH 


Al'.i 


.J (ool, B • 


i nl, 0 


DH 

AH 


cot 0). 

I 

DC • HO^ 
AH 


I’ 


V .i? 

I) 



1 / 


/f i:i m 0 





KIJ'lJMKN'rAllY 'rUUfONuM KV\l\ 


jriiAr, 


^>48 


f/." — %fh (U)s C 
i\nh Hill C 

( fr . * (f/n ‘ lA- - fj") 
hKi C 

"■‘lA * 




The Pedal Triangle, 

150. 'I'liu [Hulfil Irifingln LMN i.s ohjijiiiHHl Ity 
tilio ftiul) or Uio [M5i-|U}iMlit*.ulurH lnnn Mio nugnlur nf a 

Lriiing’lo to tlio oppoMito mi dim. 

point of iniiom*(?tion, P, of th(w<j juir|ioii<lioulni.o in 
(^rilh’ft tho Orlhitovnlro, 

16 !• Tii Jiiul Ihd f/iVro/rvf.s* of (ho ovlhovvoli'O (Jio 

iimjloii and Ao/f^v of (ho inanifliu 

PL^-‘ BL tan PBL-^ AB com B oof, MOB 

0 COM B (Hit C 

— V— (H>H B OOM C 
Min 0 

-2RcobBoobC. 

Similarly, 

PM 2H COM Cco!i A, 

PN 2R (’,0M A COM B, 

PA f AM Hcit PAM 

AB COM A coHtu} ACL 

- X OAM A 
Mjn 0 

^^2RoobA. 

Shnilnrly, 

PB iJR (toH B, 

PO - 1 tiR COM C. 




PUOPEirriKH OF 249 

I, I'd To find the angles cmd sides of ilie Pedal Triangle, 

SiiicjQ BNMC is coiicyolin 

/, ANIVI==180°^BNM--C, 

AIV[N-180"--NIVIC-B. 

Similarly ’ 

BNL — Oetc. 

MNL-180°~20, 

. NLM = 180'^--2A, 

LMN-180^-2B. 

SincG BO (- a) is tljo dia- 
meter of the circle tlirou^^h 
BNMC 

/. MN^asiiiNBM (Art. V3) . 

— a cos A ^ 2R siu A cos A ” R sin 2A 
Similarly N L = 6 coh B == R sin 2 B, 

LM — 0 cos C , . =R sill 20* 

■■ ./ /i ‘ '■ / ?' •" 

M, 153J To find ike urea of the Pedal Triangle and the 
radius of its circnm-circle, 

'Area of LMN NL, NM sin LNM 

= sin 2A sill 2B Bill 2C. 

lliulius of circum-circlo 

_ any side _ M N 

2 sin (o^ypomto angle) 2 sin l^LN 

_ R Hill 2A _ R , 

’^2mn2A‘~2; / ,, / 
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The Ex-central Triangle, 


154, If i,. lu. la aro tho e-amUv.H of Iriaiigli^ ABO, 


thciii Ijl J3 is callofl tlui Kx- 
central Triangle of ABC. 
By Geometry^ Al!i> BMa, 
CII3, aro Btraigliti Huob an 
aro also I2AI3, UBlj, liCI.., 
tho first three being re- 
fipccfcively porpondicular to 
the second three. 

Thus ABO is tho pedal 
triangle of IJJa. 

By mating nso of tho 
results obtained for tlio 
Pedal Triaiiglo wo can tlins 
obtain the propcirticH of tlu) 
Ex-central Triangle. 

BAO = 180”-2l/,la 



Similarly 




BO = l.jl^uoa l;,l,l.4 


/. Ua 


=■• |„!., eoa 

a 

“ . A’' 

Hin 2 


a ^S) 0 " 


/ 



S. 


XIV] 

PBOPJCRTIKS OF TRIANGLES 


Similarly 

§ 


Sin 


/ 2 




hh Q‘ 


sm^ 


The values may easily bo proved equal to 

v/ A ^ B '/ C 
4'Rcos^, 4 Rco32, 4Rcos2* 


155. Area of ljljla = i I 1 I 3 . IJasin 

-^.IGR^cos'^cos^ sin — 2 ^ 

/ _ ABO 

'< = 8R^ cos 2 cos -g cos . 

Radius of oircum-circlo of ABC = ^ radius of circum-circle 
of lilals* / 

Rad. of cii’cura-circlo of l,l.jla=2R. 




The Bisectors of the Angles. 


AK and AK' bo the bisectors of internal 
angio BAG and its snpplcinont roaijcctivcly. 


BK_BA^c 
k 6 - AC h ’ 


B K 

■'* Bk+KC 


I 



0 

ac 
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[CHAV. 


Similarly 


KO = 


(th 


6 + c 
BK' BA c 
K'O AC"&’ 



B K C 

^ BK' 0 

BK' Jk'C“o-6’ 


K 


Similarly 


i 


'! BK' = 

, > 

CK'-: 


ac 


ab 


157. To find the lengths of the bisootors, 

AABK-I- AAKC= A ABO. 

I^AB. AKsiii^ -h i'AK. ACniu^ — , AOyiii A 

A 

A K (o &) ain ^ = bo ain A 

Lu A 

AK = ^— - (jos^, 

6 4* c 2 

Similarly AABK'- AACK':=» AABC, 

J AB . AK^siu BAK^ — JAC . AK^ aiu CAK^ = -J AB . AC aiu A 

A K' (o — 6) eoa ™ ^ ho ain A, 

AK j sm . 

o-b 2 


[These results have previously been proved in Art, Bd.] 



Xiv] / l>ROI‘JiUTIES OP triangles 2.'>3 

168. To find the distance between the in-centre and the 
circuni-cantre. 

If 1 is the in-centre and O the circum-ceutro 



2 

AO = R 


Al = (Art. 143). 

sing 


I'heroforo from the triangle lOA, 
OR=AO“-|-AI“-2AO.AIcosOAI 

BO g Q Q - B 

“ R'-' -I- 1 () R” si) Q sin® g — 8 R® sin g- sin etts — 

r, oon • B . C . . B . C 0 B ... C . B 
== R»-|'.S R’sni^snig 2hiii ^ sni g- -eos-g cos g — sm-gSin ,> 

. B . 0 B 4" C 
=.rs R® — .SR® sm g sin g cos g — 


R® 


, „ . B . 0 . A^ 

1 — 8 sill g sin ^ sm-^-. 


. A . B . C 
t.3 R® ~ 2R , 4R sin -g sm -g sni g 

=.=.R®-2Rn 


"/ . 

. t<:. 


169. Similarly if 1„ la, l« WQ the e-centres, we have 

Oli»=R®-|-2Rri 
Ola® = R®-l-2Rra 
.R®4-2Rra. 


0U® = 
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[OirAV. 



160. To find the distance between the ciirAm-coutro and 
the orthocentre. 

Lot O bo tho circiim-coiiti’o and P iho orthoconliro. 

OAD = 90“-AOD = 9()"-C ^ 

PAD = 90'‘-ABL-90“-B, 

pao=pad-oXd 
= C-B 
A0 = R 

AP = 2Rc()sA (Avb. 151)* 

From the triangle CAP, B 

OP'’ = AO“-P AP^ - 2AO . AP cos OAP 

- 4- cos^ A — 4}H^ cos A cos (C — B) 

R’* 4- 4 R‘^ cos A [cos A — cos ( C — B)] 

R'^-f 4R®cos A[— co8(0 -h B) — cos(0— B)| 

= R'* — 8R° cos A coa B cos C 
= R^ [1 — 8 cos A cos B cos C]. 

161. ^ Ex. Provo that tho lino joining O niul P 7nakt‘S 

with BC an angle 0^ Avlioro 

, . 3 — tan B tail O 

tany - “ . 

bail 0 - tan B 

PL - 0 coH B cot C (Art, IHl), 
a 


OD 


BD cot A « <50t A, 


DL = ^ [(BD -I- DL) - (CD -- DL)] 
==|.(BL-OL) 

=5 J (« COS B — 5 cos C), 

PL-OD 2o cos B cote - 
DL 0 cos B — h cos 0 

2 cos B cos O - cos A 
' sin C cos B — sin B cos C 
3 cos B a)s C — sin B sin C 


ban 0 



mn C coa B — sin B cos C 
3 - tan B tan C 
tan 0 - tiiTi 0^ ’ 


[si into C( )H A — — <ios (B i 0) | 



PUOrifiUTlKS OF TiaANGIJ!:S 
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Ex. Vmya tliab — 

Q\-r 



4R- 


Kin A 


A * . 


r,-r 


Q\-r 


i^xAMX'LKH xxxv:i:, 

’n It lit lut l»t O) P iu-coJitrci^ <7-contr(ja, ciroum-cenfcio, 

uml ttriluHjijubm of a triniiglo ABC, 

Provo Unit. 

. lA.IR . yO 
1C 2 

... ^ 

;<. lA , IB . 10 =- 4AR tan g tan tan^. 



m 


ICLKMKNTAUY TiaaoNOJI KTEV 




r>. Arnii of *il 5 )ln - 
Aroa of \q\^\ ^"r* 

7, Tf /3 uiid y iti’o («]i() nn^lf’M tlii» inodiaii (Jinm/rh A uifiltc i 
^viUi A0 arid AC, thou iu\\n ft >hn\ny, 

IP'** ~ 4r^ (U)H A ooH B ooH C. 

0i J.Jio riidiUH of t]io nuutfil«!<l oirolo of (lio jhmIhI (riuii^.r|it j-i 
13 R <?oH A <M»,H D otm 0, 


10. IA''.M|A**-M,A"MyA’-IGR''. 

Jl. lO'-* h 1,0“ f’ l.jO“ V Ij.O**** * 1 2\X\ 

'L ^ 

12. , DP . OP *}• h . OP . AP \ ti . AP . = aht\ 


1 Jh Avon, of l)vhui|(ln 

IOP-“: ™ 2R“mn I (B - O) mu J (o • A) mIii A (A li). 

1 d. A -- cot ^ A oolj J D cot J O. 

I in. lA.iB.iotidm*'^ 

i 

10/' If K, »y, K .mi Um jinrjMdHlimiliirH fi'oiii O (o (Ito uiilt-i (.f 
tlio trmtiglo 



a ^(\ nlm 
V ^ ^ i»7/~ * 



lA ID 
i.A ■'■ i,B 



1. 


* isy-if 

' pnintH to 
L', M'^, N', 


tlio iHirpniKHtmluirt Al., DM, ON <l,o 

Wio opposite. Hi«H moot. Dm ohoiint .-irolo in 


AL' DM' ON' 

AL DM ’ ON ^ ' 


H), If the lino 10 iiialcoH an niigh^ 0 w Uii no, 
COH D tJOH 0 - 1 ' 



Xiv] rilOPEHTIKH OF TUIANGLMS 25^ 


20, Ji th (3 bisectors of tUo aiigloy B and C moot tlio opposit^^ 
HidtJrt ill Ej F, unci th(3 lino EF makoM an aiiglo <jy witit BC, 

^ {b o) Hilt A Bill B ^ Bill C 

(ii H oo» O »}• (ct H- c) c< )8 B 01 m B c < >b C -i- 1 ’ 

9 1 / ((t i- &-i-c y 

"" Y (?> 'I* 0 — a) (« '\- a —7/) (a 'V h — f?) ' 

22. f'lf AL, BM, ON aro Uio porponclioulurH from tlio angul*xi- 
poinls to tho opposito huIoh, 

(i) thei porimoit^r of L IVIN -- 4 r Bin A h3u B niu C, 

.... 11 1111 
^ ^ AL BM CN n r,, 

2Jl. 2.\v() oii’olcHuro doscribotl ^vitli controfi at tlin oorriora A, ^ 
of an u«utO'Ungl<ul trial iglo ABO, ho ilb to touoli tli<5 Hulim BC, O/v 
roBpootivoly. 1/rovc tiiat tlio auglo 6/ at which tho oirolos cut 
giv(5U by 

COB 0 - - 1 COH C {(!0t A D *1* 1 ), 

21. Provo tliat tlio dianiotor of llio omiuiu-cinilo through A is 
divided hy BO in tlio ratio of tan □ tail O : L 

25. ';c(Porpondu5nliirH from A, D, C on tho o])poHlto Hido« meet 
tlio cirouin-oirolo again in D, E, F, Ih'ovo that tho ratio of tlxe 
uroa of triangle DEF to that of ABC in 8 cos A oob B cioa C. 


2(). Tlio inHoril)<!(l oirolo touolioH DO at D and tlio j^orpeix- 
<1ioidur from A on BO inoots BC in E, Provo that 




{b‘ -o) (h H'C -’-ct) 

2a 


27. If AD is drawn porp<3iidioular to BO and if p,, denote 
tlio radii of tho iiiHcrihod oindijs of ilio triangloa ADD, AOD, show 
that 


cot B cot O . ^ i /I 

- (iMjtj B cot O) f - I- . 


fh 


Pa 


28, ■ If Aq ho tho area of tho triaiiglo for mod liy joining tlxo 
])ointH <if coiitaot of tlm iiiHorihecl cdroln with tlio sidos, and 
Aj, Ag, Aj oorroHjjoudiiig areas for tlnv oscrihod oirclos 


tf Ay (fl - ft) Aj (tf - b) A^ (a -- <») Afl, 
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h V Till' “ ' 


29 . If Q iH 
(urcii A), pi’"''*' 


till) iiiti'nii'Dliiin t'f it'*' ii» 'ii-‘"'’ '•* 

rhal' 

!)A(V^‘ ;>A( lr"l A i < ' ' 


f\ i I AHI * 


30. I’rovit tliHl. 

OI>" i 2 U''(- ' ' I I" -ll ■ ■ 

31. Tf i< i» ll"’ 

pi’OVO tllllll .I V 

IK''*! (II I V)' I ■ 


32 . ;i:f 0 . E, "><' "'"I i;-'" ■ 

ADC, ,uh! o', e', f' M." •’<" 

vorticisH A, 0, C on U'" 'ri-^-'lo .• i-l-’, • - 

a-i;oMDi!iKiO 5- roM i; .o . A I* j 

Eiz' » rr^ ^ ^ ^ 

♦‘UJ, Provt) III mil ('ft i I ') lit ♦ * « h'l 

9(t:, (WviWi ail trimii^l*^ wit**: >1 iv A, 

him (i hIiow Ihd Mu' limiui'lnr lA' Mu' i=n*'U< .i.N . 

of! llin tririiiKla I'Wi* »'”*• Ui h ivi.. vi^ 

oxlioniilrioM of 11 (tiiuui^U’r 5»‘ 


V III 


)l ViriA 

35. If U in Mio mnliii nf Mm’ iou‘' I'- ini >i --s 
ABO, pruvn liliafc 

Ml \U r. 

3C, On i'ho HO of a triaatfM* V r; r.il < n 

such thafi VGjyu \An)lO/innVM, wlnlii tho r!,*' 

circjinn-ooni.rn O anil Iho ovllan’vhf n? 1 H v>< 

1)0 tlio jioi'poniUoular Jnun V OH, i* Ol* l-^’ 'i 

at I, thou 

HK.n ir. 


37. Hliow iliat ilio orlliiHirntiit iri n H' = ► 

iiiHoribotl oiroln if 

. «A , H 

ntm A 0011 H ro.iO - ■! mui r/m'* 

3B. If tlin lino join iuf|[ llio rlr* nm * *03ilio nI ft 

iouolioH Uio (‘Mm'ilHnl riirlo aui;.;N^ A, 

that 

* « j ■ 



CHAPl']r.K XV, 

QUAi:)llIIATIi:ilALH Am^ VOhYQOm, 

162, To find the arat (S) of a quadrilateral. 

Lot) B H- D 2a nn( J a 6 -h o + d ~ 2s, 

AC^ — H- — 2a?) cos B 
= -h — 2cd coH D, 

/, -I- — c?** 

2 (ah COH B — cd coh D), . , , * . (i), 

Also 

4iS 4AB0 4- 4ACD 

-- 2 (ab sill B -h Cfinia D) (ii), 

Hqniiring niicl adding, 

4 2ahGd oos (B D)] 

=5 4' — 2ahcd cos 2a] 

— 4 \]a^h^ H- ohP — 2ab(xl (2 cos^ a — 1)] 

=3 4 ((t& -h cdy^ — cos^ a ; 

. \ :i.(iS'^ - 4 (ah d- cdy - (a'^ -h 6« ^ o’-* ^ cPy ^ 1 (Uihcd a 

==> [2 (a?) H* cd) — c'-* — (?^)] 

[2 (ab -h (ifi) — (a'' -h — o“ — d^)] — 1 (iaicc? cos^ a 
[(ft 4* bj'^ — (o — f?)’'^] [(a f/)’'* — (a — CntbcdGos-a 

^ (a -h h h 0 - e/.) (rt H- & -- o d) (o f? 4' ft — &) 

(a d -- a -h ?)) -- l<ir«?)ad cos^ a 
-(2s 2fZ) (2s-^ 2o)(2tf « 2/;)(2s^ 2a)^10a&cf/cos=a; 

, ' , - (b — a ) (b - b) ( 0 *- o) (fi d) — abed oos^ a. 




ELKMEKTABY TOiaoNOMETHY I. ^ 

111 tho C£US0 of £l cyclic ciuailnlutornl, 

34. D = 2a= lfl0", 

/. coHa— 0. 

Thus sa = (s-a)(B-b)(s-c)(s-<J). 

163. bo found in I'UIiih <•( lh< 

cliagonals and the angle between them. 



2S = 2AAOB + 2ABOC -t-2 A AOD ■!• 2 A DOO 
= AO . OB sin (9 + BO . 00 sin (ir-O) 

+ AO . OD sin (tt — 0) 00 ♦ 00 hwx 0 

= AO • DB sin ^ + BD . 00 


"" 164, In tlm civsG of a ciyoUcMniiulrilHUu’ul, B niu\ 

D are supplementary, equation (i), Art. KiS, l) 0 ()onirH 

_ 2 ^ (.^1^ 0^ 


ie. 


R ^ 


miB 


28 

ftS H ^ * 


and from (ii) 



XY] QUADllILATEHALS AND VOLYaONS Ml 

166, To find the diagonals and ciremn-radiuii (R) 0 / 
oyclio quadniatcraL 

We have shown that AC^ *= a? If - 2rt/> cos B. 


Substituting for cos B from Art. 104 wo liavo 


AO" :=» a" + i" — , . . 

ao + cd 

_ cd{a^ + Jf) 4- ah {<f 4- rf") 

^ ab’i'Gd 

(go + hd) {ad -}• ho) 

^ ab’^'cd 

Similarly 

(g& + crf)(go + 6rZ) 

— T.j+«; — ■ 



Tho circle oiroumacribitig ABOD nlao oivoumHorihoH Lhe 
triangle ABC ; 

_ AO _ /(tto-|-Mj£f(ra^ «^,±«.?/Art .lOrU 

^~ 28 mB V ' ah^od ' 'AS 


‘ vv; V((t6 -i- crf)(ao + hd) {(ul be). 
4 S 


166. Ex. 1. tho area of a cyoU(5 quiulriliulita'al wlion 

tluj Hldoa aro d-, 5, 7, 8 coutimotros ronpootivoly. 


4 .i- 5 .h 7 'rB 

"""'“““"I"" 


12 . 


s = a/s . 7 . f) . d sq. oiuH. 
-dVYO Hq. cinH. 
=::3iM0 Hq. cmH. 


(oorrect to tho noaroHt Bcp iihllimotro). 
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BF.EM ENTARY TRIGONOMETRY 


[cniAR 

Ex. 2. If «, b, 0 , d (iro tho Hidos of a qimdrilittoi’n.1 mul , 
the aiiglB opposite b botwcoii tho cUiigoimlH, provo that U‘0 Hi'C'n o 



Subtracting, 2AO . O D cos a = OA= - OC® - o’ 0 >)' 

adding (i) and (ii), 

2AC. BDcosa=rt‘' + <!’'-f'^-fft 

Now 2A0. BD«ina = 48, (Art. 

_ ds 

01* S 'I- — (2^) tan (1. 

:iiiXAMPLEB xxxvrr. 

1, If tho o£ a oyolio q\ia<lrilatoral nr« 2, -i, S, (i 

niotrofl rcspoctivolyi find tho ami, [An«ivor to tho w 

nulli metro,] 

2, Eind tho longtlm of tho diagonals of a cyclic qiiatlrihit 

if tho fiidcs taken in order aro 11, H, 7, 10 (Mnitiiniitn^H rnujic 
tivoly, 

Also find the radiua of tlio circuinHorihing circle, (A iihwih- 
tho uoarest mil li metro,) 

3, If 2rt in tho Hiiin of two opposite angles of a <iuatli’ilit(.iir 
which lia« a oirclo iuHoribed in it^ provo that the ar(?a ia 

fjuhc.d sin a, 

4, If a oirclo can ho insci’iluul in a oyelie quJulrilitii<n’*Llj pi'o 
that tho area of tho qiiadrilaioral. is ^jahed^ and the nuliuH c>f (- 
cirelo 

2\/(dxidl{a -I- h a -h fZ). 
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XV] QUADini/ATERALS A^^D TOLYOONS 

r>. If a cirolo can bo iiiHcribed in a qiiadrilatorab provo tlial 
tlio ai’isa of tho qimdrilatoral ifl 

^[xY-{ciO-hdf]^ 
whnvo .v. and n/ arotho diagonaln. 

0. ^riio area of any quadrilaiioral is 

. I [Uy - {h^ ]«r 

wlioiHi a; and y are fcho diagonals. 

7. If A BCD ia a cyclic quadrilateral, provo that 

{s - c) (ff - d) tan^ ? = (s - (ff - b). 

3, If 6 is tho angle between, the diagonals of a oyolio qnadri- 

Iniroral, provo that 

(«c *t* hd) sin d — 2 \/(» — a) {s — b) (s - c) (« — d)^ 

2 {a€ .|. hd) cos 0 - {a^ H* c") - (&" *»■ d^). 

i), ABCD is a cy< 3 lic quadrilateral, the circle having unit 
I’ndiiiB; a, /?, y arc tho auglcH Hubtpnd<Kl by AB, BO, CD at th(5 
tiinuunfonmws ; provo that 

area of ABCD 2 sin (/i-l* y) Hin (y + a) sin (a ft). 

10. If 2a is the sum of two opposito angles, </> tho angle b(v 
tj\ve(Ui the diagonals, and the qiuulri lateral such that a civcie can 
1)0 iuMcudbed in it, prove that 

„ iahed sin^ a 
ton’*/*"’ J,1^Sbdf ‘ 

11. A qujicliilatoVdl i« forinc<l of four joinUKl i-o(1h of longfclis 
a, h, <?, d. If tho (U-oa of tho (luiuh'ilatoval whoii tho anglo ho- 
iwooii. (t, b IH a right anglo in equal to tho area wlMsa tho anglo 
botweon o, d in a right anglo, show that oitlior ab<-> cd, or 

12. ahow that if «, h avo adjaeont mdeo of a parallohigrain, 
«, «/> tlio aonliO angloH hetwoon tlio hu 1<« and liotweou the diagonals 
rospnotivoly, then 
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elementahy trioonojikthy 


[cirAi*. 


13. If equilateral triangle.s are (l<«ci;il.ed on tlm .si. lea of n 
quadrilateral m.twards, and their corners J'.f 

form another quadrilateral, prove that tho sum of < 1 ■ 


its sides is 


• quadrilateral, prove 

3 (a^ + H' '-y 

where a; and y aro the diagonals of tho original .inadrilatond. 

14. If « and y aro tho diagonals of a <iuiidrdal.eral and 0 I.Ho 
sum of two opposite angles, prove that 

a;y = « V + h‘‘<P - 2aIicdeo.a 0. 

16 If a circle can be dcscrilKHl about a (luudrilatoral, tb.» 
ratio of the tangents drawn to tho circle from tlu» lutorKec.tioiiH of 
opposite sides is 


«^_c^ /M. 
ao’ 


16. If it is pos.siblo to draw two ciroltw, one touching AR, 
BC, CD, tlio other touching CD, DA, AB, and the two cir<!h^H 
touching ono another, prove that 


(« ~ 6 + c - d) sin - 4 


1:^ idwii-gHin j^mn -.^mn , 


M * 


KEOUbAlt POr.YdONS. 

167. To find the area of a refiular polyjioii, of u ai'dafi 
and the radius of the oircunisorihcd circle in terms of a .su/ii 
of the polygon. 

Let AB(==a) bo ono of bbo sides of tlu< polygon und 
0 tho centre of the circuinacribing cirelo. 

Draw OM porpendicular to AB. 
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QUADBII-A.TE1UI.S AN» POLYGONS 
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Area of polygon ~nx area of AOB 


= _ABxOM = - 2 -X 2Cob- 


2 


na- . .. 
r=: cot - . 

4 n 


]5y fiubstitufciiig for a from (i)> this valuo becomes 

. rs« • StT 


168. To find the area of a regidav polygon of n sides 
and the radius of the inscHhed circle in terms of a side of the 
2 )olygon, 

Lob AB(=rt) be one side of bhe polygon, touching the 
circle at M. 


Join OA, OB, OM, 



=: 7 ixavoa of AOB 


-|ABxOM--2Xj^cot- 

4 n 

By Huhstibubing for a from (ii), this value becomes 

nRHau- . 

, n 
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KLEl^lENTAllY TllIGONOMETIlY 


[CJIIAV, 

169. Ex, If tho length of one side of a regular pontagou 
is 6 oonti tuotroH, llncl its area, and tho radius of tho cinnnnsorib- 
iug circle. 

R == TT (5USCO p ~ 7 : cosco 3() . 

2 u 2 

1 - 7013 - 4 - 2 r) 3 !Joiiw. 



EXAMPLES XXXVTTI. 

1. If tho length of tho side of a r<^gular lujxagon is 
10 001 iti metros, find tiie radius of tlio inscribed oiroloand the area 
of tho lioxagon to tlio nearest sq. niilli metre. 

2. Find tlio poidmotor of a regular octagon whi(?li Hurrounds 
a circle of radius 2 feet. (Answer to ‘001 of a foot.) 

3. Find tho length of tho side of a regular hexagon insoribt^d 
in a circle of radius 5 contiuietros, 

4. Find tho area of a regular decagon inscribed in a cindo of 
6 inches radius. (Answer to of a sq, inc?li.) 

5. If ail equilateral triangle and a regiihir lujxagon liiivo tho 
same perimeter, prove that their areas are ns 2 ; 3, 

6. 8how that tho areas of tho inscribed and cinniinMcriljed 
circles of a regular hexJigou are as 3 : 4. 

7. Given tliat a regular lioxagon hss nn area of 200 s([. 
ccntimetnjs, find tho area of tho circle inscribed in it. (Answiir 
to the nearest sq, centirnetro.) 
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QUADUILATKUAT.S AND VOhYQOm 
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K If Uu^ aK^ji of a civolo i» ir)0 inolies, find tlio area of 
ilin ro^nlar doscrilKid about', it. (An»^YO^ to tlio nearest 

ni|njin) iuuli.) 

i), 'riio urea of a n^gular hoxiigon is 265 sq.^ contimotim 
Ifind 11 10 length of omj of tho uicloH to the uearosfc inillimetro. 

10. Two regular polygons of n sidos and 2n uidea Imvo the 

TT TT 

Kamo ptu’iiiiotoi’, show that thoir aroaa aro m 2 cos- ; 1 -i- * 

11. Two rcigular polygons of n sides aro rospoctively circum- 
Koribod about iind insoribed in a circle. Provo that tlioir areas 

TT 

are as 1 ; — , 

n 

12. 1^'ind tlie area onclosod by 200 luirdlcs placed bo as to 
fui'in a iM^gular polygon of 200 skh^s, tho length of each hurdle 
being 0 fet^t. (Aimwer to the ueiirest Hip foot.) 

1 6. ABODE in a vegidar juuitagoii. Show tliiit if tho distance 
of A from B or E he H iixclieB, its distiiueo from 0 or D ^vill be 
55 iuelie.s luuirly. 



270 elembntahy 'riirooNOMETiiY 

Hence the general solution of 

tan 0 .^ = tan t A or cob«(? = e<'tM 
ad = nir -1- &A, 


[OlIM* 


IS 

i.e. 


( 9 ==”^+^ A, 

a it 


173. Ife IB intoreating to uotitjo that wlu^u au (Hjuiitioi 
involves a square, tlio solution js always 

i: A. 

ain ^0 = sin^A 

tiien ^ 0^1— sill'-* A, 

/, cos^ — oos*-* A ; 

, ■. tan^ 6 = tan^ A ; 

if C08 ^£?=sC0S®A 

then Biu“0-siu^A, 

tan^ 6 ? = tau^A; 

and thus every such equation is ociuivaleut to 
tan^ 0 tuii^ A, 
tan 6 = tan A or tan (— A), 

0^nir± A. 


/ ILLUSTllATlVJil J^lXAMriVlOS, 

174 . Ex. 1. Solve 

3 sin d — 2 sill -h 3 «iu i-: 0. 

‘ 3 (sin 7 0 ’I- sin 2 Hin 4d, 

6 sill fiO coa 30 =3 2 sin 40 , 
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GENEUArj VALUES 

oitUev 

Bin 40 - • 0, 

1 

i,e. 

dtf — WT) 

i,e. 

o~~- 

4’ 

or 

cos 3() = ^- = 'ii = COH 70" 


3e=2»T±70° 32' 


2 . Bolvo 

uoBrtO — Hi n 6ft 


coH aO ~ cos — hO ^ , 

aO — 2 nir i ^ h^ , 
. (4^Hj)7r 

■“2(a-rt) * 

(471- l^TT 

^vo might liavo star tod 

.. ) mn — aO^ « Bin hO ofco* 


! '■; 


i fix. 3, Holvn 


7 o()H 0 Hiii 0 — 2. 


'\Ht viothod, Oliangn infco^, thurt 


7 f oOH® - Biii^ ^ j ‘h 2 Bin ^ com 3 f coh^ ^ -J- biii^ lA . 
Dividing by co8^ - 

7 ( 1 - tiin’> -I- 2 tan | 2 (l -i- tanO , 


9 tail® £ — 2 tan £ — D == 0, . 


DJ 


; 

B. 
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)*:U:MMNTAHY TIU(i()N(»MKrUV 


|rnAI\ 


Hoi via Ian - '^^(>47 <a' - - 'l)42n, 

Uni^- i. i tan 40“ 01' nr i - Ian (■‘'- 1^2“ 4.^), 

/. " • . nTT i’ '10“ nr or - iUTT - 22“ 1 2\ 

0 r;: 9,mr •!• H r 42' ov ihtir - 05!’ 2<*'* 


*2m( wiitJunf. Divhlo hy Uio muntro of I 4 m' ^aioi 
m|imi'Ofi oi‘ Mm ooonininiMa nt* ntm am) aiii 0 . 

7 1 2 

i n/7''' i- P 77" I I'’ 

jjVoiu la))1i!K i : ! UiM 8“ H', 


; aiii 8 ’ 


iiIho 


■' KjV v P 77 " -I - 1 

, ^ .‘M’, 

77 “ i- P 

ooaH'* H' . (am f? !■ aiii K' H' , >4in inm VM’ 'M\ 


COM 8 ') ::(ioM 7 :r IU\ 

H'. 2 /Mr:i: 7 .r;M'p 
/^ :2n7r‘h8r’42' or 


Kxaiophm on tino mol hod havo /j^onurHUy \wm oot on on tti h 
(loiio hy kioiwn aii;^doHj Unm 

oia fr? ^ 

*y./ 

turn 20“ om 0 i oio 20“ t<la 0 i ^ nm 45“^ 

• ■ IMT)' : cos 45 '^ 

.*, 0 ^ * 2a7r:t 45“ i 20 ' > j 2«n' i* or 27m • . 


aiCKKUAL VALUES 
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£jX. Solvo 

( I ” tail = (1 - 3 tan 0) cos® 0 

_ (1 *- 3 tan 0) 

1 -h tan^ 0 * 

/, 1 - ’ tan 0 *H tan® 0 — tan^ () =; 1 — 3 tan 0^ 
cithor tantf = 0j ia, 0=imrt 

or tan^ 0 *- tan 0 — 2 =3 0, 

tau^-2 or tan^>--l, 

4 ', till! 0 — tan 63"^ 26^, 

/. 63"2G^ 

Elx, 5. Solvo 

Bin® 0 — cos 20 - 1 J» 

Bin® 0 -{1-2 Bin® 0) = 1 1, 

3 sill® ^ ~ 

sin® 0 ~ sin® GO'’, 

A 0^mr±iy0\ (Art, 173.) 


)V tan 0 - tan j 
or 0-mr — 


). 


EXAMPTJDB XXXTX. 


Mild tlio gtJiioral solution of 
1 / 1 . sinS^!?-*^. 

A 

'" 3 , tan 4 ^?“l 4 



cos C)0 ' 9 f). 

sin® 3 <?c=J. 


9. tan® 3i9 ^ 3, 


2 * ooa 3 <?~^, 

1, Bin G<9=j *3002. 
6. tan ‘7032. 
8^ 00S®3(?:=:J. 

10, sill 2<? = 8m<?. 


19—2 





12. 

tiiu 40 = tan 30. 


cos^ 40 = cos® 30. 

16, 

cos 30 = sin 20. 

18. 

tan 7 0 = cot 20. 


274 ELEMENTARY TRIGONOMETRY 

11. cos3^ = co3 2tf. 

13. 6^ =Bin^ 0. 

15^'^^ tan^ 

17. ‘"'sm 5^ = 008 3^. 
lOlysiix iO M* siu ^0 = sin 3<?, 

20. cos ^ - oos 7 ^ = sin 40, 

21. ^ sin 50 — sin 30 — ^ cos 40. 

22. ■" cos 60 -v cos 20 = (1’421C) cos 40, 

23. siu Y0- + sin 50 -h sin 30 -l- sin 0 = 0, 

r ". * 

24. '/ cos ‘90 -h oos 70 - sin 60 - sin 30 = 0. 

25;^ bin 70 sin 60 = sin 30 sin 0. 

26, ' oos 90 cos 70 = cos 60 cos 30, 

27, ' ^in 70 cos 0 => sin 60 cos 30. 

. 


[OUAl*. 


28. ‘'^siu 0 oos 30 = sin 20 cos 40. 
^ 29. ^ 6 cos 0 2 sin 0 = 4. 

‘ ■ 31. 4 cos 0 + 3 sin 0=6. 

33.'^ ^3 sin 0 cos 0 =/♦ 

1 35. * sin 0 'h ^/3 cos 0 = 

37. cos 20 = cos 0 - sin 0, 

39. 4 cos 30 4 3 cos C = 0, 

< 


30, 8 COB 0 3 fiin 0 -- 6, 

32.' 7 COB 0*1* 2 sin 0 = 7. 
34.' sin 0 H* oos 0 = ^2, 
36,^ sin 0—1 a/3 (joh 0. 

38. ’ fiin 608111 20= 

40. tan 20 1-3(501) 0= =0. 


2 sin a; - sin 2a) =1^ (1 -h cos a))®./ 

42. / tan' 0 - 4 sgo 0 + 5 = 0. 43. inn 20 = B cob^ 0 - cot 0. 

44.^ tan ^ j H' 0^ = 3 tan ^ j - 0^ • 

(^in^^7;o^^^);2sm^0-l. 


46. 


(IKN’KUAI, VAl.tlKM 


XVl) 





r.il. :L‘ 

il t*ol. t <’4»l‘ .a 0, 

iV. 

;iiii 0 > 

1 co t 0 1 I an 0. 


HniU; 

,0 .,/> 

Mi'o' < oitior' . 

•J *• 


I an a' 1 

Ian (a' 1 1 Ian (a* t fi) Ian a* a) |.an(iij i* 

no. 

a 

1 rna a: f 1 I). 

u\. 

t! ain’^a 

? li thJ.a 0. 

U\l 

;i(l .t’oaa)} i*iri'^a:{;t 'Ji-naa*). 

Ml. 

■"’"(I 

:\o\ , . iTt o\ 

' ;•) \ ;.)• 

ML 

<a>!i n 

rna 

!>itt '.!*• 

hl>. 

hill (« 

.<■) t Mill (/J t 0, 



CHAPTEE XVlt 

SUBMULTIPLliJ ANGLI'IS. 


To eivpress the Tnc/onometrical liatios of half an an(jlo in 
^ of those of the whole angle, 

176* Given cos a = k, find Bin ^ ^ • 

.a 1 + cos a 1 -h h 


, 1 — cos « 1 — A? 


It will be noticed 


a , /l + /(! ■ « , /l—h 

eo 82 = ±v'-Y-; «i«2“±V "2"- 

noticed 

a /i + coaa , a /l — cosct 

2 “V ~2 ’ 2 "“' 

when ^ lies in tho first qnadranli, 
a /i -f cos a , (X /l — coa « 

when ^ lies in the second quiidrant, 
a /i -f cos <x . a /l coi- 

* 2 ~ V 2 ’ 2 V 2 ” 


when ^ lies in tho third quadrant, 
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K\l|lMin.TII'I.K AN(ll,KH 
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H / l -|« HW « , a / l— iTi 

'■'“'a 'V V, ’ -y jj 

wImmi Vuki ill |.1i«i riniHli ipiuilnuik 

OniiMlilorationB or tho double valuoi 

170. (i) mvMotL 

\Vr liJiv*' lV‘»in *l*iilili-ri 

a .nj ‘ 14' 

,'t t !||ti|ip Vlp 

rt-. .rii ‘i4' 
a .:unr.^fil'‘l4' 
fi SHiir I nr’i4'-^4ii 'i4' 

ihitriTlMiP 

Ct -.toM ■»!«! *. ^ 


- roMa 


nnt afi" :i7' ' • 1 7 ; hIii y • ' I'hi 25" 27' < ' ’4224 

■1 “ 

,,,w “ I 25 " a ?') ■ iimv ; WH •Hiu(-iir»":i7')' i - Mfla * 


“..mil nil • an' ■ i • - -iMir/ ; niti 2 ‘ 1 r»4"2:i')' l•‘«^a■ll 

:! * 

. :rii;»2i>r!l7'* Mill y ' i niii l!<»n''M7' • . • •4224, 

• t 

i.»>. tSKl^- ► ; 11017 } mIh ;j' i ;I: ''I'l24, 

a “ 

hIhiII iMttf nlmw Uiul. Uimmii iv-hiiIIji olihiiiHuI frum llrul 
liriiu’ijtli'rt in''’ tin' “'Hiiii iw llmwi finuiil fniiii Ark 175. 

••'“ S ' 


. a 

Mllljj 



27H 


Kr.KMKNn'AII V THlnuNuMKI UV 




177. (i i) A li/fhrti liui /. 

v.Ma - h' Clin A, 

wlioi'd A in Uio HiiiallcMli ]iii.sil.ivii iiiiji'li) xiil'iMiyiii;'' iJik 


llion 


a 

• - ^ i^r/r ; 

1: A. 





a 

(tt)S - f- (U) 

'M ^v/vr 

4 ): 

iiiii 

a 



(a) wlioii 

n iwv.n >■ 

- %a 

IUl|l|HhSl< 






a 

rim 

:l; 


A 

M 




, a 

»IU 

’ - niii 

^iinTr ■!: 

J) 

' 1; fiill 

A 

• I * 


(/)) wluiii 

?i in (h1(1 


1. mi|i|»on(t 





« 

COHg 


^2«J7r •! 

, 7/* . 


tm:* 

A, 

1> ♦ 
ff 


. a 

HM.g 

- Mill 


* vr ; 


■I' m'ii 

A 
.1 > 


for all valiKiH nf a 


« , A 


I • ^ 

.y. 





178. (iii) 

(hiomolrhtL 
noH a j Ic • j (U)M A, 

Avlioru A IH ilio Hiiiulle'Ht pomUvo MHi.iHryjnj^ | Iih r^<|Miii Inn 
Lnl, a6Pi*-^A, 

a6p,v. 


HltllMlir.TII'l.K 


^^9 


•:i 


l^dli OP i<?vtilvh so 

(I i«nli ft, luul OQ rrvolvt^ 

il4V»0y so llM to 

ft 

:o <Mlfi 

livory tiiioi OP jiitijuni tlm 

ilioiiM OPj, 0 [^,, ft 
<u|nut iou OHM ft (lihI uI. 

HI! inonu^iilH Iho iMisition of 



ruMj 


o ‘ 

lM(i Umi!, OQ i>* »U. OQi, 

iin.l ,. „ 

OQ.. 

JInl ,. 

OQ., 

•K.li 

OQ-.o 

tiO Oh, 

1 ImIi l.iiiii', OQ ill 

III. OQ., 


OQ., 


OQ., 

■I'Ui „ 

OQ., 


nhil lio oiit 


UM 


« 

1 ruM AOQj ‘ 

A 

- l-OM 

. a 

mil . 

- hill AOQi 

Birr 

1 

! AOQj ► ’ 

A 


1 nin AOQ-i^ ’ 

- Bill 


1 roM AOQ;i ♦ ■ 

A 

. - c.-i 

Si 


* hill AOQij'- 

Bin 


> noH AOQ4 ' 

A 

' 

Hih AOQ^-^- 

- Bin 

im 






a 

A 

. /'!/■• 

. « 

, /\--k 


f>t4 

i '{ coH j : 

A 

1 y „ , 

MUjj 

■'• V 2 ' 



loj > tfj > bsj > Ml > /* > /* 
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f CL €L 

1 79 . Given sin find Bin ^ , cob ^ . 


a . ay 

cos^'f-sm^l == COS' 


^ 4- nin^ ^ 2 hIu ^ cob ^ -I. -I- K 


cos 2 -sin^ 


2 ■ 

^ + Bin 

cc . cc 
2 + ”” 2 
ix . a 
2 2 


I ® - sinSY = cos” s + Bin’ | - 2 nin | cob | =^'= 1 ~ J 


COS ~ H- sin ^ — i Vl -i- A, 


cos ^ — sin ? — ± Vl — A, 


there fore 

a V 

cos^ — 


2 ^ 

2 

Vl + A 

Vl-/t 

2 

2 

Vi + A 

Vi— /t 

2 

2 

Vl 4* /i' , 

'T 

V]~/i 


, oc V1H“A 

Vf4-/i , Vi— A 
Vi+A , Vi. —/(. 
Vi-i-/t Vi— /i. 


2 ‘ 

1 so/ Since 


...(A). 

...(B), 

...( 0 ), 


^C03 1 H- sin Bin (| + |) » 

and ^oos | - sin - V2 sin > 

W0 see that 

(A) holds wlien sin iB positivo and niu 

negative ; 

ie. when fii’st and second cimidranfcs ; and 

is ill third and fourth quadrants; 
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XV ri] 


i,e. •when | bokwocii immI iuid | lu).s between 
rjTT 


, 97r 

IT T 



i.e. when | lioH b()tw<K)ii - ^ and j , or 
gonorally -wlion | lies l)(sl.w<ieu 

TT 

and 2a7r + ■ 

(13) holdH wlieii I'oHitivo and 

positive 

" S lies beiw(HM\ — . 

2 


:.e. when | Hoa btitwcuni and and | Uoa between 


TT ,, Ctt 
X T' 


ic. generally when | liea between 2H7r+ ^ and 2n7r + 

(0) liolde when ain ia negative and sin 

poaifciyo ; 


i.e. when | liea between and and | lies between 


TT 1 ^7?* 

4i 


ix. gcnomlly 'wlu'.u ^ Hi^h Ixttwcton Sw 2?i7r+ 

(D) Isolds whon Hiii nogativo and sin 

iiogativo ; 

t.0. ^vluiii I li<)B boUvuoii ^ and ; and ^ Ikjh botweon 

HtT 1 Ott 
. ~r- ai id > 

-i.c. generally when ^ lies between 2)i7r + and inv -I- . 


Stt 
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18 Thus from a figure 
a I + sin a Vl - sill a 

™2 j-— + --2— ; 

. «_Vl H-vSina Vl—sina 

‘”" 2 ” " 2 ' 2 — 

when I lies in PjORj, 
a Vi 4- sin « Vl — sin a 

‘>"^2 = — ¥ 2 — -5 

• + ain « Vl — sin a 

2 “ 2 2 ~“ ’ 

wlien ~ lies in PjOPa, 

a vr + sina Vl--siii« 

2 2 2 ’ 

o* « _ ''^1 ■f sina Vl — sin« 

2 2 ^ 2 ’ 


when I lioa in PaOP^, 


a 

00 s ^ 

V i 4 - Bill a 

Vl — sin « 

2 

2 ■+ 

2 

. « 

sin X = 

Vl + sina 

Vi — sin « 

2 

2 

2 


wlioii I lies in PjOP,. 


lliis ni-ticlo will bo found very nsotul in woHciiijtj mt I 






KUJlMUimi'l.lO ANOUCS 


2m 


CJonslderatlona of the quadruple value. 

1 8 J3 • (> ) ^ thvieticdL 

Ciivou aiua — ‘7707. 

have fi’om 'I’ablcH 

a^n r T'L', 

IVotu C'luii). YI 

« Mfio" -I- r)!" -M.' 14/, 

a « 1)40" - f)l" 14' = 488” 4(i'. 

“ .J cu.H 2r)‘’:{7'== -IJOlTj Hin^^siu 25‘’;}7'= ’4324 

2 

(M'’23'== ‘4324 i (54" 23'= '9017 

tioH 201.'’ 37' = - •!)()17 ; = m\ 205" 37' = - '4324. 

« coH 244" 23' = - "1-324 ; = hui 244" 23' = - '901 7 , 

Wo hIiaII Tiow hIiow fcliali IIioho Mjaulls ohfcuiuod from first 
tioii>l()a lu'u dm Hiiino ii» tluwo from Art. .179. 

vr'-i-'77!lf VI. -'7797 

2 """2 

Vl -l-. 77 j )7 _ Vi 

2 2^' 


.•0017, 

.•4324, 


X08. (ii) Alf/ebmitud. 

Hin a h ‘■■i hiu A, Huppono, 

turn A in lliii jKwiliivo angln wifemfyiiig tlio equation. 

on “ ” Tf-’T * 1 “ (“ I )” A. 

« fwvr , . .|v.A) 

uoH 5 = (luM ^ • g- -I" (“ 1 )" -jjj ; 


will HIH 


t 2 ' 


^ KLKMENTAUY TIliaONOMPrrilY [01IAI\ 

(f/-) when n IH of form 



(h) ^vlion 71 is of form 1 

C03 2 = cos ^2-?/^ + ~ ■^) = «in J 

sin I = sin (2miT + 1 f ) = «oa ~ . 

(c) wlion ti is of form 4?« + 2 

coa I = cos (2m7r + tt + - cos ^ ; 

sin I = ain (2m'7r *|- tt + - si a ^ . 

(d) whon n is of form 4 to + 3 

cos I == cos ^2«!.7r H- "I* ^ j = — sin ; 

ain ~ = sin (^nm + tt 4- 1 ~ 0 = ~ cos ^ . 

Tlioroforo for ull vnlnos of v8 
« , A 

<!USg= i-COS g-, 

A 

or i sin , 

184. (iii) Geometrical, 

ain« = A » ain A, suppoao, 

whtiro Ais tho smallest poaitivo angle satisfying tho oimation. 


• « . . A 

sill g = ± Hiu g. , 

, A 

or i" cos 
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A0P«=-7r-- A. 

it OP rovolve posilivoly so 
!-racn out a, aiul OQ rovolvo 
/{}\y half as feisty ho as to 



^ory tiino OP passoH tho 
ons OPi, OPq, « satisfioB tho 
ion siua=/t; ami at thoao 
lilts tlio position of OQ will 

UH valuos of ^ , 



Wliou OP 

is at OP, ilm lUt 

time, OQ is at OQi, 


„ 2n(l 

M 

» 0Q*4, 


„ 3i<l 

l> 

)> OQi, 


„ „ <kli 

H 

. OQ,, 


nml HO oil. 


wliou OP is at OPa fclio Ist timo, OQ is at OQi^, 


2n(l 

8r<l 

4tU 

and HO on, 


OQ,, 

OQ,, 

OQ,, 


cos g — COM AOQi «=» cos — 


COH AOQ.J — COB 


KS COM 


AOQa « C08 ^ Bitv^ 


<=« cos AOQi !=» — sin 


A 

2' 
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Honoe 


cos - = ± cos 


A I 
2 “ ±( 


Vl -f /fc V L — A\ 


^ • A 

or ± sin or 


2 ”'■’“( 


Vl+/t Vl-7t 


)• 


Sin 


a , A 

|==SHi AOQi = sin-^ 

^ sin AOQa := - sill ^ 


llouoo 


— sin AOQa := sill ==: cos^ 

* A 

— Hin AOQ4 5=5 — cos , 

Al 


(: ' 


2 2 


A / Vi + h Vl — h\ 


186. Given tan a — k, find tan ^ , 

2 tan “ 

tun a S3 k, 

• l-tan“| 

Jj 

tan“|H-|tau|-:i«0, 

. . « -i+vr+'/c'’ 

■ • *'‘'"2 = — k — • 

tan ~ Vi + tan^g 

2 tana ’ 

when g lies in tl 10 first and third quiulrants, 


Thus 


[citAl’. 
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, c£ — 1-Vl4*tan®a 

tan ^ = , 

2 tan a 

vfhon I lies in tho socoiul and fourth quadrants. 

36, Algebraical consideration of the double 


tan a. — k^ tan A, suppose^ 

I A is tl\o HmallGRt poaitivo angle BatiRfyiiig the equation, 
a = riTT + A, 

iHO (i) UGVGn=:2m, 

a A, 

g=m7r+2; 


ISO (ii) 


. 4. ^ 4 A. 

taug—tan-^. 


n odd = 2m + 1, 


TT 





=5“ cob 


A 

2 * 


10 ariblimotical and goomotrioal considomtiona are left 
exoroiso for the latudont, 


ILTjUOTIlAl’:rV.l?i lOXAMPLEa 
I*/, Kx, 1. Provo that 

2 COM g 7 i >/l 

0 lioB botwcon 270*" and 4C0“. 

rico I lies bobwoon 135“ and 225“, i,e. in. P 0 OP 4 (Art. 181), 
2 COB -g ^ Vl sin — -n/T - sin 


20 
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[ 0 IIA 1 > 


Ex. 2. Show that 


^ 1 '/2 + + ^72 j sin --j i n/2 - J‘2 I- Ji. 


16“ 2 


It’rom Ai'li, 175, coa s — H' 


1 TT 

1 }• COS -r ^ 

^=.JV2-1-V2. 


cos j-^ ~ + 


l-l-COSg , ■---=,- 

~-^ = |a/2-i-72-i"72. 


. TT 


l-cosg 

--g-5=i^2-V2-r;72. 


Ex. 3. Given thai> slu 210° = — find tho valu(3.s of nin 105" 
and cos 105°. 

IT StT 

Since 105° lies between -j and -j- , wo liavo l)y Art. 181, 


, n/ 1 + sin 210° ^/l - sin 2r(r 

coa 106 2 g- 

_ J_ _ ^/3 _ 1-V 3 

“2V2 2^2“ 2^2"’ 

• 1 nro ~ 2 1 0" 

„nl06 = 2 ' 2 

-2 , n/3 _1-i-n/3 
“ 272‘^2 V2“TV2 • 


Prove tliab 

1 0 ^ 
1, 2 coa 2 = 


EXAMPI.es XL, 


♦ sin0+ Vl — sin 


U 

2 sin ^ ~ a/I 4- sin^- Vl - sin 0^ 

when Q lies between G30° and 810° ov between — 810” and - O.SO" 


xvn] 


SUBMULTiriJi ANOLK3 


2S0 

2. 2 oos ^ - \/i I- Hin 0 - <y r -^InT), 

it 

2 Bin ^ - \/i 'h sill 0 H- Vl - sln^, 

whou <9 lies bolwooii 810“ and 990“ or botwon -630“ and — 400^* 
or botiwcon 90“ and 270“. 

3. 2 COB Vi Vi - sin 0 ^ 

2 sin I Vl + sin 0 -h Vl - sin 

■when lies hotwoon 900“ and 1170“ or botweon -450“ and 
^ 270° or bobwoou 270“ and 450“. 

4. 2 COB ^ — Vi + sin 6/ -i- Vl — sin 

2 sin^ - — Vl +sintf- Vl — sin 6 ^ 

wlien 0 lies hotwoon 1170“ and 1350“ or botwcon —270“ anxl 
— 00“ nr hotwoon 450“ and C50“. 

5. n 0 - 200“, 400“, C)00“, 800“, 1100“, show that 

. — 1 + Vi •!' tau“ 20 

imO- , 

tan 20 

6. If 0 ^ 100“, 300“, 500“, 700“, 1000“, sliow timt 

tan 20 

7. If eoH find Hin^ and cos^, A hoing l)ctwti(m 270" 

n.nd 3|30“. 

8. ’ If KinAr.-..“^.n. ,u,rl A lio botwcon 270° and 41)0°, find tlie 
valuoa of sin ^ and cos ^ . 

4 2 

9. Having given that sin 260° 0*9848, find tlio valnea of 

siul30“ and oosl30“. 


20-^2 
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10. sinllC° and cos 116°, given tlint. 

cos 230° =-0-6428. 

11. If tan 2 A = find the values of tan A. 

Prove that 

12. sin~ = JV2- .y/3, 

13. cas^= i*/2 + \/2 + ^3. 

14. sin I, = =•-- h [ Vio -I- -;yr.;|. 

16. tan|=\/2-l. 

16. If co84d=a, the possible values of taud ni'o Hui fiun* 

values of 

\/2 i Vl H* Cl 

a/ 1 — 


17. Provo that siii~ coseo^ H- 4.- sin -i- 


10 



OMArrKH XVI 11. 

INVKUSK (JIIlCULAlt FUN(rnONM. 


3L OO. Bof. win ‘.r* HramlH fnr"Thomiiu(n’i(;!illy 
iinglo whoMM Miim Ih w” 

(•OH Hlajuln lov yTho nmiioric^dly mnnlh^Hl} itiiglo 
wliimt^ in 

Jiula, Wh(Hi liluji'd nvi\ two uino(tri(’ully HiiiiilloHli 
Lakcj lilio posilivMj oni^ 

a//. ooM * I M h (l<r iun\ not ir{Y\ 

NJl Htn ^ (hiii .7?) I luii^hwf; ; vm' * (dOH in) t - tin{j[kwv; 

Iriin ‘((un»'/0= *>vu;;l(U(i, eta 

'^F1ii‘ho (HjiiuliioiiH pul, iiihi wurdn lu’e mm to require no 

Romo wrilui’H n^^iird Mill Su hh nmiiy-Viihmd j ihuH 
wouUl uiiual I* ( J )'* Min ' (m; liut in eli'rnetitary wurlc Mnt 
in lulvIhKtil tn (MMiMhInr ilin iiliovn vuhu) (July wliieh in 
f-;oiiiotirnim (•Jtlliul T1 h» IVitiMijiHl Vulms 


1B9. F ri)iik a lif'iti'o Irlin Htiuluu(< at oitro him'h 


(/> rr-a Hi 1 1' ’ IV ‘ a OOH ' V L •- (H” tim' "* 


. 't , 1 

»= COHOT ‘ ■ ' t i Hi'«‘ ' , 


0} 


Vl Wi/* 


,, t ' - 

w Vl « 
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& = COS"' y = sin"’ V I — y'’ 



= tfin"’ z — sin"’ 


Vl+^a 


= COS"’ -- 7 - 


Vl +1 


= cot"’- 
z 


= 8CC"’Vl-|-^“ 

= COSCC"’ . 



Tho above values need nob lio rinnoinbiu’ed, ii ligiun ul 
once recalls them. 


190. A inimorical exnitiplo will iiiako (lie 
above more clear. From tho liguro wo aoo ab oiuio 

a • 12 ,6 , •. 12 , 

0 « sin ' = COS"’ — tan"’ -i- ote. 

13 13 r> 



The addition and subtraotion of Inverse flinotlons. 
191. (i ) Find the value of 

sill"’ w ± siir’ y ; and of 2 siir ' w. 



INVERSE CIUCUIiAU FUNCTIONS 
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XVIIl] 

Draw two figures inittiug 

sita”* rt) = 0 ; sin"' y~^. 



■O 


sin*"^ m -I- siji''* 

= sin^* {aiii {6 -V <f>)} = cos'^'‘ {(X)s (0 +</>)) 3 ota 

Kin'"* {sin 0 oos<^ -I- 8iii0 cob^) *= cos'"* {coh^^ cosf/>“ hiu^ siin/)] 
= 8iu“* («'*? Vi — 2/^ + y Vi — =s cos""* [ Vl — V 1 — — {vy] ] 

obviouBly 

— [a? Vl — 

— coB“* {Vl — «?Wl — 2/2 4 - (vy]. 


XBQ^m Bill"** 0 } i sill”* 2/ ~ ^ i ^/> — tiin""* (tan (tf i (j))\ 

(1 -[• tan (/ tan (/>J 

' + - y 

, . Vi — Vi — 

— tair"* - - - - 

I q: 

\ V l -0;“ Vl — ?/ 


103. 2 Biu“* i6’ *•' 2fl — hIiT"* (nin 2^?) = ooh^* (cos 20 )\ (ft(\ 

— siir* (2 Hill 0 cos 0) co8“^ (1 — 2 pla^ 0) 

niir* (2o) VI — *=== coh^* (1 — 2af). 

Wg leave it for iho Htudont to nhow 

ooB“* 00 i cas**^* y *= coh""* [(cy T Vl — Vi — jy^j 

= shi""* (?/ Vi — j, ^ Vi _ ya} otie, 
and 2 coh"* &) « coh^'* {2(v^ — 1) = «iir'* (2«; Vl — 
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■J>raw two putting 

COS-‘i 

sill"' {will {0-<li)] 

. . sin"' {sin 0 eos c/> - sin </> nuH 0\ 

, , foa 12 5 iG) 

Thitt oxamplo hIiouUI bo vorificd from Tablo-s ; 11 uw 
coH " ' J S OOH* • 1 (*2dG2) - Vn'’ 45^ 
ijos - 1 jJj -:coH- ' (‘9231) - 22" 37', 

Hiir' i :r.Hm"'(‘R) -n;r8^ 

»,wi 7rr4r/--22"3r«53"8'. 



Kx. 

c:aii 

llicti 


a, Provo 

tail"' l\ ‘I* 2 tan"' j -- tair*' 
tair ' - 0 1 tair' f - f/) j 

tan *' -I- 2 tan"' \ - 0 2</) tan"' {tan {0 t 2</i)} 


ban ' 1 1 


™ tan 


tan" 


tan 0 -h tail 2</> I 
- tail 6 tan 2tjij 

^ ^ . 2 tail (A 

tan 0 '1* J r 

1 - tair </j 


1 - tan 0 , 


2 tail </j 
i-taii‘'</jj 


1 :. tan' ' 

:-4 tan"' ( ; 


/-18.|-77\ 
\20'i- ~1'M ■ ■ 


tiHl' 


-I 1 


'Diih Hln)nl<l bo vorifiod ft-oin TabIcM, tbim 

ft •■-= teiir 'Cl«l«)‘=l«'’ 1«'. 

aitur-i I =..2tiu>-'Cl'l20)'=2(H"a')--KnO', 

t.ui“4« bm ->CI'') -20”34', 

,»t„l ' l()na'-l-lC'‘10'-=="20‘’!M'. 
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[cum*. 


JjJXAMPLES XLI. 


Ooiuploto the following ; 

L mir'|f = Un"M. J‘ 

2. cos"^ f == cot"*^ [ ]• 

3. fan”^fj = sin“-* [ ]• 

i, ani”‘ § *!• C0H“* J - sin' ^ [ ]• 

Prove tliat 

5. cos“^ f -h eos"^ If oos''* 

6. sin"* I H* COS"* If = } ){'♦ 

7. 2 cos"* f ~ cos"* (- tJs)> 

8. 2flm*“*-| = Hnr*f|. 

9» 2 tan"* f - tan"* -Y - 

10. tair* I *1' tan”* f tan"* { 

11. 2 tan"* I tan"* | - tin i “* J f , 

1 2 . tan"* f tan" * f ; - tin i " * | f . 

1 *S. Uur* *1 -h inn"* f tair ** (- ), 

1 d. t^m"* I - tail"* I till r * f 5 . 

15. tan-*|.|.t>air*|-drA 

16. 4 tan"* | ~ tan"* 4^^ 

17. 2 tan“* | h- tan"* f ^ • • tair * ^ 


18. tan"* 71 + cot"* (u 1 ) * - tair * (• n \ I ). 

. ^ . , / ftj sin a \ , , Ad - COH a\ n 

\l-a;cosa/ \ sin a / 2 

20. sill (2 sin"* ai) - 2.r Jl - 


21, cos "* - 2 tan "** a / ^ . 

a ai V a 
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(ii) Solvo 

Bill"’ 2a; ~ 8i«~‘ tv Hin'"* a;. 

From Art. 191, 

Bin"' 2a; = (a ; /^!i Vl — a;^ -I* V.I. • - «}(«’■'), 

. 2a; = a; a/ 8 '/i — a.^ -I- w V.l ~ <1®*, 
lihorefoi’o oiUicr tv — 0, 

or 2 = V3 Vr~iv^ -i- V I - .‘iar'. 

i.t'. 'Jf + (1 - ~ '1 Vf- 8a;’ 8 (1 - a;'-'). 

a; = J: i. 

Avis. 0 ; i 


]«XAM].‘r,i-:B xi.n:. 


fi^olvo 

TT 

1 , tan 2«) tan ■ "' . 

2. tair' — 1 - tair ' i ^ ^ . 

*S, tair ^ .\. ban'^*' - - - = tan ^ { U). 

fU > • 1 ft) ' ' 

TT 

Aa tair'’^ (rjftj -i* h) ‘I* taiv^* («ftj -* h) ■ • ^ ♦ 


, ft) 7r 


5, mir'ft) shr^ 

{), cosnit’**^ ft) :-j (;oHcio“* a -i- nosoo’^* A. 

1 


COH 


'Vi -I 


I' W'* 


*coa 


ft) . ... 1 li*i 

■hi;’' 


[(!JIA 1 >, 


7. 
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VIIl] 

8 . 

9. 

10 . 

n. 

12. 

13. 

14; 

16. 

16. 

17. 






• -1 12 
'I' Hin ^ - f 


ft) ' 0) " 

^<1 I R) ’I* \/ i — • ft) ij^n 

Vl ’i-Ui- sfl-lli 
«in“^ ft) '!* Hin“^ (I — aj) := coh^' ft;, 
sin'^ ft) Hin J 

. |12 , TT 

Mill * To I' rt • 

.13 ft) 2 

taii”^ (ft) -h 1) H* (ft) - 1) -i;iur‘ 
cof"* ft)~ coli"^ (ft) H* 2)-~ ID”. 

— 1 ft) —I ft) *— I 7 -*l 

BOO * HOC y “ HOO ‘ 6 - fiOO «, ' 

a o 

cot"^ ((0 — rt) •!' oot’’^ (ft) - h) i- c<)b“' (ft) - o) «0. 

If coHOo“* --3 coH"* 6, provo tlmfc ono viiluo of b 





CHAPTER XIX. 


. ELIMINATION. 

197. Prom certain equations it Is IVoquontly dcssirnblt^ 
to deduce others which shall not contain corbaiti TiirinhhiH. 
This process is called Elimination and the result obtnineil 
tile Eliminant. 

If the number of equations given is ono groator tlkun tlu^ 
number of variables, it is always possible to eliuiinato ilioHc 
variables. 

Each problem must bo considored on its own nioritH. 


Ex. 1. Elimiiiato 0 botwcoii 

a cos 0 & sin 0 - c, 

and a* cos 0 'h b' sin 0 - 


Solving for cos 0 and sin Of wo obtain 


cos 0 -• 




sin 0 - 


a^a — rtfl' 


squaring and adding, 


'\la'-b'a) V«/177rt/ ’ 

or {hit' - h'ay =-- (/)«' - h'cf I- (rt'fl - rt« )“ 



OriAT*. xix] 

ttncl 

X^^voiTi (iO 


KIilMI NATION 


1^1 i in 1 1 1 a to 0 bofcwoou 
C08 0 Bin 0 


tan O — o 


Bin 0 

e 


auVistibntiiig in (i) 


COB 0 __ fmi^ 0 v ooH** 0 

‘T'' V ? + 1 

1 _ 


a vr,-* -i- 1 ft) y-a^~ b\ 
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■0). 

•(»)• 


Kliininiitt^ 0 botwonu 



HOO‘^ (/> — 1 ai 

Hun* cj^ H* i 

(0. 

ttncl 

22) 

KnU'*</> -i’ COB^(/>-— 

(ii). 

Ui’oni (ii) 

h ^ ^ B(M5^ </> -I- 1 

BOO** i\i * 



lip 2/^ </) - 1)^ '1* ^l> 

i? )>’•* ' (S00*‘ 1)** 



(WH5*c/) ‘l‘ 1)^ . 

(H{.uy*0 *i< 1)^ 


"Ex. 4, 

lOliinintito 0 and </» botwoon 



rncoH^? 1 

a b 

(0. 


a b 

(ii). 


0 </j S ’ 2 a 

(iii). 

Bolvlnp; for iukI from (1) ninl (ii) 
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Kt.EJrKNTABV TUKJONOAtHTHV 


[( rllAl'. 


'ioy ^ ^J/Y_ (Hil l 0 - H ill ./.)“ (*'!g V* ~ 


Biir 311 

2-2 (Hill 0 Hill </> I- win 0 («)n </.> 
aiii“2a 

2-2 COM 2(1 

f 


Kk« 5. ]illiininaio 0 jvn<l </> Ixitwinni 

us cos 2/ HIU - rtf (JOH (/> V/ hI 11 */j • 1 1 

aiul ^^coa ^ 003 </> •!* /-> sin 0 fliii <!> « I* y ^ 

0 I Hiii</>) )• Anin {0 i t/*) O. 


Fiom 


X CJUH 2/ ^ > 

rtJttOH </)•!' (/) • ' 1, 


wo 


obtain • >•»/>) ,, •/’) f V‘) (i), 

ft) y * 

Etioli fraction and idwi ; ; - . . . ..,: 

'J^lio iliirtl (Kination nmy bo wriU-ou 

a [co3 {0 •[' fji) 'I* coH (0 - </0l '!■ ‘ ‘ * 1 

t 2,! -I- iff [cos J {0 •!• </.) cos J- {0 ~ «/.);) -I- ^/[Hln i (0 i- ./•) con A (/J • •/.),| 

-1- ih sill |(d -I- </)) cos J (<)•!•(/>) *1 0 ( • * O' 

Ifrorn (i) and (ii), 

cos ((? -h </.) - 2 «()H» J (tf -I- c/.) - 1 ' = 1. ■ ■ 1;^, \j, , 

cos {6 - (/)) - 2 co»“ " V») ■■' 1 = ’ ;;i Jyi - 1 " iv/, ,/ ■ 

Tlioroforo, BubHbituting in (iii) 

rtf-'-l-T/'' {ii'*!'//’' 

'■V .r' -l'* 

(O'* I* jy* 

Ci(l - 2/“) •!• J (1 - 1>?) •!• 0 (:«’ I' y‘) I' 2fAi) |. 2/// -I- '2fixy (I. 


elimination 
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xix] 


I*^XAMPLES XLIII. 


l^liininalo </j Ixitwi^on tho «qiiation8; 

1. wfc t!()H </>, y -■■■■' h isiu </j. 

2. X i-- hin </) -* cos(so </> - Hoo 

^ OOH c/> ^ Bill c/> 0 COS -I- h 

h ic ' ■ 

'1 , ttiu a (508 c/> I- h Bill </j, COB « « sin </> - cos 

15. a) HI n tj) i- cos 0, y ~ i'>«i <!> I- cot c/>. 

f)» (u Rill (/> tan </>, y x; sill c/j - t^iu (/>, 


7. 


8. 

9. 

10 . 

11 . 

12. 


ai mu 0 — y cos 0 H' ?/^ 


Hin^0 cos^0 1 


a) col'** 0, y s=5: 2rt tan 0. 

^ COM 0 -f- I Hill 0 s::t 1 ^ ~ sin 0 -I- ^ cos 0=1, 

n coH 0 + cos 30, y = 3 sin 0 — sin 80. 
m “ a cos 0 (4 cos^ 0 - 8), y « h sin 0 (4 cos^ 0 - 1 ). 

- cos 0 I- ^ sill 0=1, ft) sin 0 - y cos 0 
{} 


= («^Hin- 0 -h COH^ 0)^. 

JOliiniiuito anil 0 from: 

1 8. a sin Z) — /i sin 0 0, o cos 0-^U cos 0 = 0, - 20 = 0. 

14. tan 0 H* tan </) = rt, cot 0 cot 0 = f;, 0 =; a, 

1 /). l;an Z? -i- tiin 0 = a, cot 0 *l- cot 0 = 7^, 0^ if * « a, 

1 C. COM 0 -I' <504 0 ! rt, Oot OOt 0 = 7>, COHOO 0 I* COSGO 0 = C, 

17. smacoHZ? = Hin/i, siua oos0 = Biiiyj oos(^«0) 

= ain /3 sin y. 

H. 21 
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18, 

1ft 


ELUMKNTAllV TIUGONOMKTIiy 
hy 


[OllAP, \1X 


cos 0 sill 0 ooa sin * 2 * 

sin ^ + sin </) g, coa ^ + coa ^ = />, tail | tan ^ 


EUininato between: 

20. gain 0 -\-h tan a coa Q -l* 1) cot 0 -= n, 

21. ojcos ^ + 2 ^sin ^=: geos 20, ajsiii 0 — y ooa0== 2gHin 20, 

22. coseo 0 - sin 0 = m, sec 0 — oos 0 — 7i. 

23. a; cos (0 + a) -I- y sin (0 a) - a sin 20, 
y cos (0 + a) “ aj sin (0 h a) = 2g cos 20. 

24. (g + V) tan (0 - 0) = (g - h) tan (0 -I- </»), 
a cos 2</> + 6 cos 20 = o, 

26, oj - 2g coa 0 + a coa 20, 

^ = 2a sin 0 - a sin 20, 



(!|IA1’TKI(. XX. 

iNia,*itAi.rnKrt ani> i.imitm. 


riu niiijIhMtlp lIuM ( 

0 ! r thii iUrcufiiv i»f H pu.sil ivM Aonic luiglo, 


LOO, Ti) nhiiw UmO> 0 > 


)ia\v u iMn*|n HMlina i\ r<‘Ntro 
ml 1**1 

)iaw PT H luiu{i*nt iumI PN 
ii rnliiM^lur la OA. 

ritiMi iVoni 

OPTMs*r4*irAOP> A AOP, 




^iPN.OA, 

. . A r , 7M uri 0 > .J/ 0 > i n*ln , 7\ 
ij\ tun 0 > 0 > j'riii iK 


100, 'Hm* liniilin|,( vnlui*N uf 

ninO , iwnO 
0 0 • 

n il it* ii*i|*^liiMlrly iliruiiiiMlnul, iu<* unity. 
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ELKMKNTAIIY MUONOMl'VmY 


[CILVI'. 


By previous arb. 

tan 0>d> sin 6 ; 

Zl ^’1 

sec ”V'i > 

sin 

But in the limib whoa 0 is imlefinilely (liiaiiusluxl 


hence 

Lli 

and tlioreforo 

Jju • .J • 1 

t' 

agaiui 

tun/J><?>Hin 


!>• 

tan 0 

But in the limit wlten 0 is iiKlefiiubtily (liininiHlusd 

COS 0 

0 . 


hence 

and therefore 


Lt - — ^ =» 1, 
ban 0 

^ . tau^^ - 

Jjt I,, 

t/ 


Ex, Tho arc (if Binall) of a oiroh) 

= — approx, 

where I - chord of half tho juxi, 

L = chord of whole arc, 

BuppoHo rs= radius, 0 angle subbendtid at 
centre by are, 

m-L 






2r/ 0 0 

“T(«-d-2 

, — tho are. 





INKQUAUTIlfiS ANB UMITS 
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£200. Iiimlts In sexagesimal measure. 

If = tlio Boxagesimal mensuro of tho iinglo 6 radians, 

•fclioji 


_a 

i«0 X fiO X CO" ’ 


txiwl 

sxiul 


Ilonai 


sill 0} _ sin 0 it 

■ A- " ~ 'T ■ • 180 X 00 'x (io ’ 

tan 01 _ tun 0 w 

“ v" " w • wolTdoxlio ■ 


TT 


ift^O ^ 

£201. To show 


. sin tana? 

' “ “ " flT " 180 X 00 X 60 ' 


sin 0 > 0 - 


4 ' 


cos ^ > 1 - . 


sin <? = 2 sin I cos ^ 
= 2 tnti 2 t!OH“ ^ 


=^- 2 tan 




(l-sm=|) 


^0, 


INow l»y Art. 108, 


tan I 

“T" 

2 


1 



. 0 


, 0 

tun 5 sin ^ 

■ > 1 and — TT"* 1 ! 


0 
2 

sin 0 > 0 


“T“* 

2 




> 0 ~ 


■ 1 . ’ 
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again 


KLKMIJNTAHY ’JUK K >N< )M H'i’UY 

J 


1 1 MIA I'. 


COS <7 « 1 - 2 Kin'’ 


=> 1 - 2 .? 


2 


Hill y 


ov 


> 1 




0 

[ a I 




202. 'I’o hIiow 

(i) sin & >0 ■- 'q 

tfa 0^ 

(ii) oos ^ < 1 


(iii) tan^>0 
(i) ])mw a cii'olo riuliviH r. 

Lot AOP=>tho iinglo 0, 

OBj liinocfc AOP, 

OBj bisoet AOB„ 
otc. 

Area of sootoi’ 

AOP = A AOP -h A APB, 

-1-2 AAB,Ba-l-2»AABA 
-1- oto. to infinity. 

. • . ^ (7 = ij j'’ w n <7-1- J AB,'-" .Hi n P B , A 

-j- 2 . iAB„“ . Hin A&,jB, -I- 2'^ . ^ AB.," . niii a 6;,B, l- 

, I ()\t I) 

1 = sin 0 -I- ^ f 2r Hin j . Hin 

. o 1 /«.. 0\» , 0 




^2?’ will 

oy 

\m) 


2 

0 

^• 2V ■ 

•gS 


'o .^Y 

■2' ' 



X] 


INKQirAI,ri’lKS AND LIMITS 


O'* / 11 \ 

(?<am6l + -g(^l +^ + -;+ j 


0 ^ 1 


HIU O > 0 - 


6 ' 


(it) (H)H 0 == 1 “ 2 siii“ ^ 


< 1-2 



Ilonco 

Loinuia (A) 


. 0 ‘ 0 ^_ 0 ^ 

2'*'2i 1162 ■ 

, 0 \ 0 '- 
^“2 ■'* 24 ^®^““^*^''°' 

co 8 i;<l- 2 + 2 ^ 


and COM 0 is positivo sinco is a iiosibivo aouto angle. 

-, 0 \ 0 ^ . ... 

10 ’ . 

Loiiima (il) - |(j|j is po.sitivc, 

Kf 00 O' ir X 1D2 J 
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ELEMENTAllY TiaaONOMETUY 


[oil A I’, 


Now 


(Wy < 7r“ 
<10 
<37,1.; 
70 ^ 0 ’>. ... 

••• 


(iii) 


ban 6 — 


sin 0 
cos 0 


i-¥+£: 

2 ' 2* 

10’ 

0^ 


U‘i, 

1!)2 

1 


="’ + i + 8' 

2 

■'* u 


^ , by (liviHion 




203. To show that) conbinualiy dnoroasoH an 0 in- 


crcasos from 0 to 


TT 

2‘ 


Wo havo only to show 

sin 61 _mn( 6 ^-|-«) 

0 a 

is posit! VO ^vliGii CL is acuto. 

Expression = «) 

d{0^a) 

_ 6 sin 0 (1 — cos a) H- (a siu cos 0 mix a) 

0(0 J a) 

, _ = a positive quantity + “ 



INEQUALITIES AND lAMlTH 


3H 


=5 a ])osLtivo quantity + 
a poHitivo quantity, 


tan 0 sin a 

0 ^ 

0{0 a) 

0 a cos 0 


tan 0 ^ , sin a , 

■iii > I and < .1 . 

0 a 

. taiid ,, „ . 

uinilar way - coiitaujally incroasos* 


D4, Euler^e Theorem. 

j. 0 0 0 . sin^ 

"T"* 

Hill (/ — 2 Hin coa ^ 

Jt Ju 

. 0 0 e 

= 2^ Hin g-, cos cos ^ 

« 2*> Rin -g- cos cos ^ COB ^ , otc. 


sin0 


0 


0 


2” sin 1 


- — j « tx)H cos g— j , 


"0 0 
cos ^ 003 


2« 

.vhon n is iiKlofinilioly iucronsod 

0 0 9 Or, 0 

COH^ cos ^ cos COSg^-U JJ- 

«'« 9H 

ain<? 

““F- 
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lOI.ICMENTAllY T)U(H >N* 


j<’Jl \r. 


206, S]x,l> I’indtlioviihiOHof HiuH'umlooM H' [tti ' 3'1I 
87 r .. 8 x 8 -M 160 


U7r OX i>'l 'I . 

® “T80 x GO " IHO X GO 

^•002;J2n mdiaim; 

tlioroforo. Binco 


m 

(apprnx.), 


Also 


' ‘oooooooo:?.., 

..•0{)2:i27l {nmv\y). 

rOH 0 1 =;.: 1 (llpi>rOX,) 

Ji 

1 - '000002707 
=- *099097;}. 

Ex. 2. If --g - ~ flncl (ui iiiii»roxiiiiut(» viihui for 0. 
0...^ 

mutf i i/'' 

. , 0-^ 'IH.'i 


or 


viuUnn* 

EiX. 3. Holvo tipprt>xiniat(»ly hih i* ^ *H7. 

/ft 'i 

Ifixpantliiig 


and siiiGO 


COB 0 - I* jf- Hill 0 » '* ’H 7 , 

A ti 


Bill-.-; .'^;l.>K(iG, 

o Vi 


:. ^■■y^0r.-W7i 

A 0 -l* 74 ‘.l' 7 ;J 20 n 
ir- *00795 mtliiuu 


0 is a flinall angle, 



INKCAUALITIEH AND LIHUTH 
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Ex. 4. Ifincl tho aiiglo , Hubtcndocl by a kilomcbre-stono 
1 metro Ingh at a place 1'5 kilombtres off 
Ji 0 i» tho nmnbor of vadiaiiB in tlio angle 

... 1 m(3fcro 

0 = tan 0 -vf— 

1*D kilom. 

="=-i"6Vo- YdiMixm 

180x7x 00'_ 12G^ 

"“'22x1000 ^ 50 

2'*20, 


lilXAMPLEB XLIV. 

L Find tluj values of sin 5' and cos [tt = 3*14:159], 

2. :if , find tho valuo of 0. 

3. Find tho values of sin 3^ and cos 3' [ir- 3 '111 59], 

I. Solve tho equation sin ^ i-- '71. 

5. Caloulato tho approximato valuo of 0, when coa^?==!{o-5,J. 

0. If sin 0 - [1 find tlio valuo of 0. 

7. Find tho valuo of 0 from tho equation cos == '51, 

8. h'iud 0 ^vholl cos 0 |||5> 

9. Solve tho (jquation tan 0 i* 0^ = 1*73. 

10, If — ^ caloulato tho approximato valuo of tf, 

II, A post, 1 foot high, stands at tho top of a tower of lieight 
150 foot; oalculalio (to ^ Jq< of a minuto) tho angle it subtonds at 
a point oai tho grouml 900 foot from tho foot of tho tower. 

[-=¥•] 

12. l'’ind tho viiluo of cos 1 -l-OV when 0=^^ ’OOD miliiin. 


rcos(j.,.o), 


1.’]. An objocii, S80 inokus t)(r, subtonds im angle of 61' at 
tlio olmorvov’H oyo: find tho longtli of Uio objoob. 

[Answci' to 1 oonfciiiiotro.] 

M. A olifi’ 180 inotroH high is surinmintnd by n flngstafT 
which suhtcuds an angle of -036 radian at a point on tlio ground 
360 inobrcs from tho foot of tho olifi’. Find tho lioighb of tho 
Ilagstafi’ to tho nearest dooimotro. 



xxi. 


SUM»rA.Tl()N <)l'’ HKItIKH. ' 

206. To find the Bum of tho sinoa of a aorleu 
of anglea in A.P. 

Lot sin a + sill (a -I- j8) -I- Hill (a -I- 2^0 I" 

•I-Hhi (a 1)/^/! iS; 

. 2S sin ^ = 2 Hill « mn ^ -I- 2Hii i (a -I- /•/) hiii y 

Now 2 Hin a sin ^ (-oh ,| . 

2sin(a.f ;0)8in'| =M)(w^a - ooh ^a .|. 

2 sin (a -|- 2/3) hIii =:n ooh ,,, 

2 sin (« + (« - 1 ) / 3 ) sin | » cos (« . t- ~ // ) 

2n- . I 



HUMMATIOK OF BEllIKB 


im 


^ tx<l(Utiion 

1 = cos (a - f ) - cos (« + ^ /3 ) 
= 2 sill + --g- /Q ^ sin ; 

“in H- /3 ^ sin 


S = 


. ^ 

HIU^^ 


*X*o find the sum of the cosines of a series 
A.P. 

a + cos (« “h /9) cos (« -1- 2/3) + 

+ COS (aH-(?i-l)/9) S53 0. 

■^l o of this may oibher bo tlorlnocd from tlio 

wlunico Avo obtain 


/ ji — 1 ^ \ . nB 
cos (a -I' - -g- (3 j sm y 

TJi ' 

ainL 

vvorlcod ont indopondontly. 
jQ Q . 

^ » 2 cos asin “ -|- 2 cos (a + /9) sin ^ H- 

-h 2 cos (a H- (ti — 1) /3} sin ^ . 

2 cos « sin ^ ca sin “ 2 ) 

ifct (a -I- /S) sin ^ «=> sin ~ sin -I- 
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ELISMKNTAUV trioondmutuy 


IcIIAl'. 


2eo8(a-(-2/3)Hiii^‘- 



m 
2 ) 


^ . R . / 2?t"l,, ^ 

2 003 {« + (« - l)/3} SIR ^ =' SIR -1 / 

. / 2»-;i N 

~ Kill fa -I- 2 ) ' 

thoreforo, by arklibion 

20 sin ^ = sin ^a -|- — ^ ^ /3 ^ - sin ^a - ■ j 
= 2 coH (a + ^ sin ; 

coH -\- --g ^ fi ^ sin 


2O81.' Iti shoiiM 1)0 (»l).Hia'vo(l Uuili 

of firHl) ix\u\ )nH(> uiiglo), 

andtimtiilioliwo r(^snl!i» otily (lidor in l-hn lirnt Itu rii of ilm 
roimerator. 


209. 


ain 


7^ 

“2 


— 0, whon 



/i:7r 01* « t 


' n ’ 


h being an integer; and in thia oitHO both 8 and O vanish. 


Thus the sum of tho siiios or oosinoH of n angloH in aa\ 
vanishes when tlio common dinbronen of tlm anglo, ki, if 4 a 

multiple of — . 

lii 
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212 . Several other sorica can bo suinuusd by dccoiii- 
posing each term into the difference of two otlioiu 

Elx. 3. Find the value of 

sin a cos Ba + sin 3a cos 7a -I- sin Ba coa !)« I--- to n tovins. 

23 = (sin 6a - sin 4a) + (sin 10a - sin 4a) (siu 1 'I « - si n 4a) ■!■... 
= (sin 6a + ain 10a -h sin 14a . . .) 

(sill 4a Bin 4a h sin 4a -I- . . .) 

sin 2 a 


Ex. 4. Fine] tho value of 


rl*.*.. 


sin. a sin 3a ^ sin 3a siu Da sin 5a Bin 7a 

Sine, 5^- - - cot a ~ cob 3n 

sin a sin 3a siu a sin 3tt 

"1“) .. (,„t 3a _ cob rxi 
sin 3a sin Tia ain 3a sin fia 


sin 2a 


mn (2?i l' i a) 


sill 1) aBiu(29i'h 1) ft sin (in 1) a siu (J/t'l’ 1 }a 

« cufc(2ri — 1) a- (lot (276 I 1 ) ft ; 

tluireforo, adding 

8111 2a . S -- cob ft - cob (276 1) a 
cob a- cob (276 h I) a 
siu^itt 

Ex. S. Find tho value of 

coseo ft I* cosoo 2a H* cosiio da -l- ... to ?6 tiu'ins, 


Since 


coseo a S '* cob g -* coil a 
oosco 2rt: “ cob a - enfc 2a 


coseo 2“'‘^a • i cob • <5ot 2" '^ a j 


theroforo, adding 


Qfi cufc^ -cot 2^‘ 
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ET.KMKNl'AUY 'rJlHJONuMMUY 


[rSIAP. 


.KyXAMl’JVlOH XI.V. 

i^uiii tho following mu'Hw t.d n 

1 .. mu 2 a I- mn fiA !• «iu HA I- .... 

2 . casA 1 o<)i* 2 A I- fiA I .... 

A '>A 7 A , 

3 . cus .j .j- •(■ ij -I- ..■• 

'}. | I -I- I ■••• 

R. nil) a I Hill ^11 I- ^ I’ Hin 1 ^ •! •••• 

. A , . . :tA 

f). Hill j; I- HlllA I- mu -I- .... 

z ^ 

Vind thi) mnu of : 




TT 


♦^TT 

, Tar 

. I'.trr 

7. 

Hill 

21 

Hiia 

2i ‘ 


... 1 Hill . 

..i L 



TT 


:»tr 

fbr 

Jilir 

8, 

COH 

22 ’ 

• 'HIM 


■I-... I 'HIH . 

*<«> 

i). 

nia 

TT 

27h- 

:r' 

• ain 

2n. 1 

mu , 1 ... (n n lanuti. 

2?fc' 1 


iliiv Hum to n tri'.rnm of : 

10 . Hiuu-HinlifJt 1 - joulW 

1 1. ooH 2a t5(»M 4a -I* oo« (W 

12. nin 2a — i;iu uin ^2a -I* ^ • .... 

COM — I- rm 

11, HinuHiu Jk t\n win Ha i- hi a Ha hIu 7a l- .... 

IT), coH a(!OH 2a -I* cob Jk c<m Tin -imiob [ia iu»b 7a i< t..4 

IC)^ Hin ^<!OH H‘ will 2(1^ OiW (Itf *!• HIU fl<!? rnH Hj? ‘1 

^ 1 I 1 

a C(tH 2a COB 2a ccm fia iK fifi rnM 7a 


17 . 
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xxi] 

SUMMATION OF 8EH1MS 

18, 

1 1 

1 


sin a sin da ' sin 4a sin 7a 

siuYasinlOtt 

19, 

see 2a see 4a -f sec 4a see Ga - 

h sue GaaocStt 4' .,,, 

20. 

cosoo 2a oosoc 3a + coscc 3tt cosoo 4a 4- coscc 4a cosco 6i 

21. 

siu^ tt 4- sin^ (tt -h ’h siii^ (a * 

)-2/J).|..... 

22. 

cos^ 2tt -i* coH^ 3a -i- coh^ 4a h- , 

>, .k 

23, 

sin^ a 4- sin^ [a -v - Vh sin^ f 

27r\ 

a*h — )H^ 


\ W \ 

71 J 

24. 

COB® a ‘1' cos® (a 4- 4* cos® (a 

4’ 2/?) 4* .... 

26. 

sin® tt I- sin® 2tt -i- siii^ 3a 4- , , , 

, 

2G. 

siii^ a h sin’* 2tt 1- sin'* 3a I- . . . 

,, 

27. 

cos‘^ tt 4- COS'* 3a 4' cos'* ha 4- . . 



Find tho Huni to n tejtm of : 


on . . n-i ,71-6 

28, «iu a + fiiu tt -I- Bin a -I' . , . , 

7^-2 ri~2 

1 , I ^ l_ 

cos 6 -I* cos id cos H- cos tiO ^ ’ cos 6 ‘V miYO ^ “ 

30. sin a — sin 2a h sin 3u — sin la *i* , , „ 

3 1 . cos a cos 2a cos 3tt H* cos 2tt cos 3tt cos da * 1 - ... . 


32. tan~i -j -j- + tan“> -i- . . .. 

33. tnn- ^ tan- ^ g, -l- tan-> -—-a:.-*- 

Provo thiit : ■ 

sill tt *1* sin 2a *h sin 3a -I- . , , -l- sin na , n H- 1 

M, /,• - Vi " - tmi — jr— a, 

cos a -I* cos 2 tt 4* cos da -I* * * . 4* cos na 2 


3f). II; Ai, A 3 ,,,A 2 ,h., nro blio angular points of a regular 
polygon inscribed in a circlo and O a point on tho arc hotwoou 
Aj and Aa,j,j,i; prove tluit 

OAj ‘h OAj] 4' » . » 4' OA2 /h,i ^ OAg *h OA,] 4* , . » H* OAj^. 

36. From any point on tho oiroiimforonco of a oirolo of radius 
7', cliords arc drawn to tho angular points of tho rogular insonbod 
]ioIygon of n sidoa. Show that tho bum of tho sij^uaros of tho 
chords is %ir\ 


22^2 


(lilAPTI'',!}, XXII. 


lOXI'ON'I'lN’n Al, 


213 . ItIh pvdViMl ill 7 \ I.liiil. 

, fii'* 

' ''13 ' |:| '■ 

m a oiusvnhujd, (MUiUiiuons, urrirM )«»! nil n 

valuoH of//;; wo hIuiII tl/iiinlro il liy 

<214. provo 

E(x) X E(y)^ E(y: \ y). 

Tlio giuioral lonii tjf 

E0r)xt:{y) 


(if (if ^ y a 


r.|. 


:i. 


■ I 

?' (v I ) 

w' -I- 9 W*' ';// . - . ' 'y I ( I/** 


(rt, • + ?/)’■ 


aimuuiliijj Lho lUninniiil Throiriti fni,‘ t\ jKmiHvo jnO'pipl 


3g(moral tonn of £(</; )• y); 

' . i^O/) 

binularly 

E (a’) X E (y) X E (c) E {m ■{ y p a y- ). 
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215. To prove [£(!))’' = E(x). 
l.si when x is (t 'positive integer. 

By Arl. 21'J) 

E (1.) X E (1) X to liictora 

== E (I H- 1 1 -I- to X torina) 


... {E(:i.)p = E(.x.). 

2n(l when x is a positive fraction = . 
By Art. 2M. 


HD} 

=.E(/0»IE(1)K‘; 

e(|) = (e(1)P; 

... e(;«)-1e(;i)]“. 

Wrd when x is negative — — h. 

3’hon Ity Art. 214 

E(-^)x E(//,)-E (()) = ! ; 

.V 1 1 I cr 


to k tcriiw 


•• E(«F 


‘==e(/0"{e(;i)1 

=..(E(1)1». 




216. E(l)Eil-hjj--|.^|-l-j|-l- 

is gonorally duiiotetl By o. ^ ^ 

'L'hus 0 * - {E (1)}» - E 0«) - 1 'I- 1 ^- H- 1 -I- T 

is eiillod the Exponential Thoorom and it liivs been 
prov( 3 d ioi’ any real coimneiwiiniblo exponent. 




KLKMENTAUV TllKJONOMKTUV 


[i 'll \ I*. 


217- To 2)vove thui o w incoinvumsiirahlt!, 

SuppQHO il) IH cunnn(3iiH!iml)lo and n<{ual !,r> vt. nnti n 


being integorH, filieii 

m _ I I I I 1 

I -i- I 


muUi])l}'ing by \‘ii 


whi — il a wlmlo iminbor -I- ■ . , 


But. 


:i. 

1 (vt 


-I- 


1 

l)(//.'b2) 

I i I 

I- I ■(«-b I )''■'■(« -I 1)' ' 

:! 


n f J 


:t 


J. 

I, 


■».•)■ 1 


• • + 'f'"' 

thus on j n ~ I a whubi nuniltiu' *|- a Anul-itm, wbb li iu im 
possible. 

0 is iiieoinmoimiiniblo. 


218. Iiogarithmlc series. 

(/, r::^ 0 


Lot « = l + a), w l,„i„g ,i {Vii(!(,i„ii, tKwiriv), nr 

negatives, tlum ‘ ‘ , 1 . n. n, 

(1 -I- /«)" = 1 + VI log., (I .|. „,) .). ,, , 

L" 
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Both Berios are coiwcrgon-t and theroforo wo may equate 
tho coeificionts of 71 ; 

"X? 

logo(H-x)«x- 2 + ^- 

Changing w into - », wo have ^ ^ 

logo(l-x) = -x-|~|-- 

Thoso sGrios aro convorgout when iw is limited as ahovQ ^ 

. logo 


- 2 (« + | + f+ ). 


219. Oalculatlon of XiOgarithms- 

QU 1 4- (V 


111 tho above series put — ^ 


• , then 


1 o 

logo " 

^ 71 


7 n — ^ 

7)1 + 91 


1 .L 1 + 1 , 


Put 


7n s=3 2, 91 — 1* 

logo2-2|.^-|-|.;3o-l-J-;|i+ I 

/•33333333:i 
01234.6()79 
8230445 
. 06324 

■H 604.5 

613 

4.8 

^4}4(!573(T 

•09314)7 ((iori-ect bo six pkeos). 



TliKfitNO.MKTttY 

.Alfii), liy iin(,(,ii,.r in r, ;|^ „ , ,0^ 


I I I 1,1 I 

n-fio '■ 


nml 


^< 1 * tin. 


• ’• loi!-,..'! • I •(»!)«(; I |,n (ivo p],,, 


220, hi Jut d thft Unuruuf vuIhvh o/' 




uttd 


mill'll It !u liiilrjiiiUrti/ iiwrnisnf. 








i< 

“ 1 

*; ?,! ( 1 



#•1 

V 111 



n 

/ ‘ « 1 , 



; 1 , 

r‘ . ^ :> 



n 

J ill (d\n 1 



. . j ■ ■ 

0 




ff \ n 

JlfAV 

i,(, :: 

Pi if M 

. n 

rin i 
n 

\> ( Ah. VM)i 

r4 

and 

I-t fniii 1 

1 . .. « 

• MU' (• 



tr 

M 


M, ('nH^y, , I. 

i#> \ 7t/ 


Nnw 


*'*111 /<in 


r. Jf . nf C(\ 


a 

It 



KN'l'All V « iN< >M I . I'H V 


I 'I I AC. 


Jl'i'iim idi'iil ity ^ ’J j 


I I , 

’..M .i/V 


ii ' I ))’ 


:<! I 1/ *.! *•'/ I / - ' 'I V' • / V 

l.rovo timl. ' ;iV, ' | ' lA , ‘ < u\> 

10. I’rttvii Uia( 

I I I > , ! 

lil{?,(i.! I I) '■ , I ' | 1)' ' i I V I' 

1111(1 (Iniiuctt l}iu(< 

\oir„ 1 I •(KMlItli 

11 . •?* 0 \ \ cn:** 0 1 ,* \ . , , > 

1 % 0 t’Mf/' 0 .J ('nf ^ a » ('Mf.'’ tf 


1 ! 1 . i 1 "K.. 


I) 


tilO I ^ vnl^o I ! i 


M. HUiO i ... 

t i! Mini ,j 1 *1 M * r, .J ^ ) » 


. . / 1 ^ 

^ I " 

I hliW) \ 1 , ^ 

\ I fun . 


15 * lug^Hlii hm /r (o'l SIM 

in* :i i; a ^ ^ ‘nUUDlMUllinU uml e-V I HV!8, 
provo liliiifj f 1= Slipirj Kpprdx, 
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XXll] 

17, Provo Unit tlio cooHioionb oi’* in fciio o.\pim«iou of 

(1 'I* + • ♦ . 

* m-1 1 

iH oirluu' — 01* 

n Qi 

luioording as ot i«, or la noO, a iiiuUiplo of m. 

18, Pi’ovo i\uit tljo liinib of 
Qi iiKltjrmiloly itiorouHod Ik 

0 whou 2j 

0 ,, I'U'’ - 2, 

1 „ i«<2. 




wliou frt irt iin int.ogor and 



ojiAFri'iit, XXI i I. 


M MOIVUK’H TIIKOIIICM. 

2Q1. ].N thin filiapliiu* i HlatiilM f<»r • I. 

Thus = — 1; 
when 

a, h, a', h' being real ; it in nNMUtnnd 

a >1 «' ; b ■■■■ ! It', 

Such an oxpimnion an a-\-ih in ('ii.lli'(l n, nniiiilex mmnf itv. 

222. De Molvre'a theorem. To l lint 
(cos (9+ | when n in iiifignil, 

and tliat one of tho viihies of 

(co3 <9 -|- n’ .siii d)” is (cn.m(d-|-iKinjd9), wlini u in fnioliiiiiiil. 

(i) TFAfltt 91 i,<t a ponitino inb'i/oi'. 

By actual niultiplhjiition 
(cosa -i-iainct) (cos ^ 4.9 sin /S) 

« cos « cos /3 - sill « sin ft ~\. i (luw « Hiii /y ( ■ nin « rnji ft ) 
=-co3(aH.y9) + .4-Hin(« h./9)j 
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(coH u -h i Hill «) /3 H- 1 sin / 3 ) (unM 7 -1- i mn 7) 

{com (a -1- / 3 ) i sill (a '•I- j ({:os y -1- i mix y) 
— COM (a -h ^ H-* 7) -h i will -h 7) 

and MO on. 

Putting « — /9 — 7 — — 

and MU]>j)Osing Lhoru nro n lotlnu’s a, 7 wo liavo 

(cob 0 -(- i sin 0)^ — 00 s H* 1 Bin 
Thus tho th(3C)r(nn is (3Htal)liHho<l for a poHiUvtj inlogor, 

(ii) Wh<m n in a negativa iniGijGV — — vi hu])])(>ho 

(com Q -I- 1 sill Oy^ - (ooM 0 H- i ain ^ -.y ■ ^ 

^ ^ ' (00s t Hin r)’'* 

1 oonmO — 'tHiii mO 

cjoa m() -I - 1 sill quO ooh '^ mO * l * hiu^ mO 

r:=i COM (-^ 7/t) ^ .|. i sill (— m) 0 

=5 cos'/i^^ f i HinnO, 

ThuM tlio theorem in ontdliliMhed for ang iiili(3gei', 

(iii) Wheti 71 is any fraolion v HuppoMu, k being 
intogevH. 

By (i) and (ii) f com -h ^-Hiii j j <?oh 0 -h i Bin 0 when Jo is’ 
intcjgral ; 

^coM ^ in Olio of the valuoM of (com 0 -I '/hiu 0 )ni 


ie. by (i) and (ii), 

cos y 6/ H- ^ MIU f 0 

h h 

Lo, cos??^ 


(coMf^ t'^sin 0)Ai; 

h 

(com 0 -V i Bin 0 ) 7 f i 
(com fl 4' i sin OyK 


Thus the theorem in CKtabliHhed for any eonnaonanrablo 
miinber. 
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COS 


223. Wo liavQ just sliowii thut 

]h . , h . , . , » 

cos ^ 6 isiii 0 is ono of tlio valuas of (ccih 0 -I- i 0 y > ; 

\\G now find the others. 

Since (cos ^ i sin Oy^:=^(cA)HhO -1- i sin hdj\ 

it follows that we have merely to find tlio other valiicjH <d' 

1 

(cos hff ‘h i sill k0)\ 

Putting k$-h^vi7r for A where positive integesr, 

we have 

fhO 2??i7r\ , . . /hO , 2?^i7r\ 

U+-Fj+”"‘U +/.•-] 

= one of bho values of 

I 

(cos (hd -h 27;i7r) H- i sin (hO 27 ? 2 . 7 r)] 

= ono of the values of 

t 

(cos hO H- isiii hO)^, 

Hence by putting 

w = 0, 1, 2, 3, .(*-1), 

wo obtain k values of ‘ 

1 

(cos hd + i sin h0f^ 

and these values are all clifforent; Ibi* sui>|>oso any twu uv*? 
equal, 

fhO 27’7r\ • ♦ . fhO 2r7r\ 


^ (hO , 2.?7r\ , , f) 

-C03^.^-+-/-J-hZHln ( 

Then equating' the real and iniaginary 2)ai'ts 

/h6 2r7r'\ /hO 2,99r\ 

U + Tj-'“(5+T) 


hO 2.s'7r\ 


and 


cos I 


sin 


2r7r'\ 


&+-fJ 


M 2,97rN 
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Ex. 2. Extract} tlxe cube roots of luiity. 

Hero 6=03 ^ 

Hgucq the roots arc , 

cos 0 ‘l* 'isiiiO; A. 

1 * 1 ^ i 

2 “ * 


2 ir . . Stt 
cosy+tHin-gj i.fi- 

‘Iv ..'Itt . 
cos yl- 4 8111-^; »■«• 


Ex. 3. If a) -h ^ = 2 cos A, ptwo thab («“ -I- -5 2 ih)h «A. 

Since ft,.(.y 2 co,sA; 

0 )^ — 2(U cos A 1 — 0, 


Solving this quadratic iu a’j 

«3 = cos A ± t nm A. 

Talcing the positive sign 

aj« = (cos A 4' i sin Ay^ - cos nf^ -h ^ sin nA, 
(cos A -1* t sin A)“’* == cos ?iA — i Hin« A, 
= 2 cos wA, 

Similarly for tlio negative sign. 


Ex. 4. Find the value of 


(cos 50 ‘t-isinfiO)^ 
(cos sill 

(cosd + ismO):'' 
==:coa 19d isiu 19^. 


Ex. 5. If 

cos a -t* cos •!' coa y = sin a -I* sin ft I- Hiti y ► G| 
prove that 

cos 4a + cos 4/3 + cos 4y 

= 2 {cos 2 (j 3 * 1 - y) h- cos 2 (y -I* n) -l- com 2 

Let - 

coa a + i sin a = «, cos ft + i sin ft — 6 > cos y i ^ wu y 
Then . ct4^6'Ho==0. 


(a 1/3)}. 


fi, 
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The addition of vectors or complex quan- 



also 


226. 
titles. 

Lot OA and OB bo two voctors, 
complete tho pavallelogi'am OACB. 

Then by Art. 226 

OA-f-OB=M + AC 

= tho carrying of a trac- 
ing point from 0 to 

A and then to C 

= OC; __ 

6B4-^ = 0'B + BC 

- - _ _ 

OA-bOB = OB + OA. 

Thus vectors or complex quantities when added obey tho 
Oommutative Law and the sum of any two is represented by 
pai’allelogram having the two as adjacent 

AOX = BOX = jiTT (?i being any integer) AO 
and BO become collinear and we obtain the sum- of two 
numboi’s as oiithmetically defined. 

227. The multiplication of complex quantities. 

To multiply a by b, wo do to a what must bo dono 
to unity to obtain b. 

Lot (Vif ffi), (I’a, ^a) be two com- 
plex quantities. 

To obtain (rj, dg) from unity wo 
multiply the unit by and revolve 
the resulting length through tho 
angle d^, [See triangle AOPa.] 

Hence to multiply (fj, ^i) by 
(j’a, ^a)) multiply by and thus ^ 
obtain 7’ira for now modulus and O « 

thon rotate this length from the position d, tlirough an angle 
da. [See triangle P, OP,, a.] Tho triangles AOPa and P,OR a 
are seen to bo similar ; ' 

thus (r„ d,) X (7-a, da) - d, + da). 
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229, If ill Art. 228 and Fig. Arfc. 227 ^V0 put Vi and 
both equal to unity, we have a geometrical representation of 

(cos 01 -h i sin 0i) X (cos 6^ 4- i sin ^^5) 

^ cos (01 4 0n) 4 i sin (0i 4 0^), 



and we seo that to inultipl^ one complex quantity by any 
other, the modulus being unity in both cases, we have merely 
to rotate the line representing (1, 0) through an angle equal 
to the sum of the amplitudes of the two quantities; and thus 
in general, to multiply together any number of complex 
quantities which have a common modulus unity, wo have 
merely to rotate the line (1, 0) through an angle equal 
to the sum of the amplitudes of the quantities. And if all 
the amplitudes are equal wo have a geometrical repre- 
sentation of 

(cos 0 4 i sin 0)^'' =* cos nO 4 { sin ?i0, 

Le, of De Moivre's theorem for a positive index. Wo thus see 
also that one of the values of 

(cos nO 4 i sin nOy^ 

is obtained by rotating tho line (1, 0) through an anglo - th 
of the amplitude of the lino whoso ?ith root is indicated. 

Wg can now show how to gGometrically represent tho 
other values of 

1 

(cos </) 4 ^ sin 



840 ELEMENTAllY TIlIGONOMIiiTllY [c’lIAl*, 

(iv) when OP is ali OA the 4 lih time, OR is at ORi, 

XORi = , and 

(cos mi^)^ = ^coa d- i wi^i ; 

(v) when OP is at OA the T^th time, OR is at ORn, 

XOR 5 = , and 

6 

/ I . • • i\i / 87rd-<i» , . • Htt -I- 0\ 

(cos 4 - ^ sm (j^y — f cos — --- + % Kin — ^--X J ♦ 

when OP is at OA tho 6 th timo, OR is ut OR], tlio 2 nd 
time; 

when OP is at OA the 7 th time, OR is at ORy, tbu 2 nd 
time ; 

and so on, 

Thus geometrical ly wo got 6 and only 5 differont valiums lor 
(coH(j) + iHin([>)K 


EXAMPLES XLVIT* 


Express tho following in tho form r (cos 0 imn 0 ) : 

h ^!-^C3. 2. ^,1.,, V::a. 

3 . 4 . 

15 , 3 4 -i, 17 . 

Eind tho values of 


6 . 

8. {(2-^3)H-t}l. 

9, Simplify 


7. ((!n • 1 : 1427 -": 1 ) 4 . 

/ 

(oosfl-h'tHin Oy 
(cos</j| sinc/i)®* 

(cos(?--iflin Oy^ 


10 . 
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(cos 20 ‘In sill (cos 30 -i sin 
(cos 4^ - i sill 4(9) (coa 1)0 H' i siu 0 (I)'*'' ‘ 

— “i sill 3<?)’* (cos A.0 H' i sin 4^)“ 

'(cZi^'BZrTTSIul^^ ‘ 

i 3. Provo 

sin DiO -* Hoc^'‘ 0 tan 0 — , \ ^ tun® ^ ‘I- . . . | 

wlion taut)<L 

cos mO — i sin mO ~ (cos & i mix 0 ) " ^’^ 

Exiniud by tUo Binomial Thoorom and equate md and imaginary 
parts. 


14, yhow that 


/ TT , ♦ / iW , , SttX / Hr . . />7r\ 

f cos -[• ^ sin ; (^cos h* ^ sm y 0 > yg '<* ^ y ‘ 

/ IItt* . , HttN 

( IfiTT . . ir)jr\ / 2r)7r, . . 25ir\ 

(^cos .^3 .l•^H.u. J 3 j ; ... ^cos-j-j j 


uro tho roots of 


.j. 1^0, 


Houco or otl 1(51* wise Bho^v that 


TT StT IW 1 

COS j3‘l COByy(-..,OOS .yy=.^. 


in. Broni tho iilontity 

1 1 1 ^ 

(ii?i — a'u) (rtfi ■“- a?a) -*• a*.,) (a*i - (»\,j (a*i OJ^) ^ 

ijroYO that 

slu ((!?a - <9a) (2^1 H- 0,^ ‘h Oq) 

^ sin {0i - 0-^) eoH (tf;^ -l- 20^ Oq) -- sin (tf^ - 0^) coa {Ox *l- 0^ -K 2^a), 
Nvhero a'l -- cos 20x-vi sin 20i; x,^ - otc. 


34-2 


15LEMENTA11Y TBIOONOMKTIIY [olIAr. XXI U 


16. From tho identity 

(!gi-‘«3)(a’i-!«4 ) ^ (iCi-a)^)(a-‘i-arj ) (a!i - s ^g) K - . .. j 

(jBj — ajj) (a,’j — (fCj — aij) (a^ — <Wj) ~ (Ug) (.ajj — a;.,) 

deduce that 

ain (d, -(?,,) sin (d,-d, ) . ^ _ q . 

sin (dg — dp) sin ( dp - d,j) ■* 

■whoi'o a-i “ coH 2^1 '}* i aiii itJji =• * 


17. Prove that 


27r 


27r 


‘Itt 

Y 

iir 


Srr 


cos 'I’ cos Y *1' Y’ ' 


1 

^2^ 


Btr 1 


. * /N 

Bin -y- *1* »ni y H* HlJl y- ‘ 

f 

18. Provo that tlio coiitimiod product of tlu> 4 valiusii of 


/ ?r , , .. ., 

^ cos^ •('^mll^ ) lu ,1. 



CHAPTER XXIY. 


EXPANSIONS EOR SINE AND OOSINE OF AN ANGLE ijsf 
rOWIillS OF TUB (JIIIOULAR MEASURE OF THE ANGLIS. 


230. By Do Moivre’a Theorem 
C(i3 n6 -l- i sin n6 = (cos 0 + i sin 0)" 

= cos" 0 -I- m cos"~’ 0 sin 0 

_ I) 003 "-“ 0 sin* 6 ~i cos"-* 6 sin* 0 

1 ? 12 

+ ) 

Ciiuating real and imaginary parts 

cos nO = cos" 0 “ cos"-* mn* ^ -I- (i), 

\t 

and sin nO == n c!os«-> 6 sin 0 - cos"-* 6 sin.a 0 

|8 


Pn t nO = a and theroforo “ ■g • 
Series (i) becomes 

— icos"- 


COB a ^ coB^‘ 6 • 




cos"-* 6> sin* 0-1- 


COB 


(U>, 


ft 
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(r + ly* term 
r^'' term 


a(a~e)(a~'2d) (tt-2?--i ^) ^ 

[2r \ 0 / 


u(a- 6 )(a- 2 e) (a - 27 - -30) 

r 2 r - 2 ■ \ 0 J 


(a - 2r - 26) (a - 2 j' - 10) 0 

\ 0 


)’■ 


2?'(2r-l) 

If now 6 becomes indefinitely small and coiiHotiuently 
71 indefinitely great, a being constant, 

T . + ly^'term a"* ^ . ti- /taii^?V - 

r^Herm 2r(2r— 1) \ 0 / 

and this limit may bo made < 1 by taking ?♦ great oiioiigh» 

Thus series (ii) is convergent since the terms arc alter- 
nately positive and negative and, after a certain tonn, eacsh 
term is greater than the succeocliiig ; moroovor 

U .■'> term - Lt 

0=0 fl=o |2?’-2 

sin 6y>-» 


cos«-»'-i-9 e J 


~ 1 27’ ~~2 ^■^**'* 

it therefore follows that 


12 -'14 

^ a® 

where e is a proper fraction, 


or 


'\h 

0*9-3 

' |4v-2 ' 

«'2 
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If HOW q bocoinus mclofiniliuly great, the aeries becomes 
aw iiifinilio om and hIuco Lb rr 

00s a ^ 1 — T^- 'h rj — 00 , 

11 li 

In a Hiinilnr way it may bo proved that 

a? 

sma = a-g-t-|^- «>. 


Ii31. It iH obviotis tliat oacli of thoso scries is con- 
vorgont for tho terms arc altoraatoly positive and negative, 
and taking tl\o expansion of cos a for example, tho ratio of 

CL^ 

the (r -h I/’' term to tho is 

as small as wo ploaao l)y taking 9 ’ great enough, 


ira:l>'^ these two Bcjvioa eonvergo very rapidly and five 

or nix t< 3 nnH will give the values of sin a and cos cl to 
7 decimal })hieca. r 


)2|32« Elx, 1. Oaltailiito to 7 d(i(5iinal places ilio value of 
tho sino ot an angle whoso radiim ineasuro is *5, 

{•r))'>« 'isfi, 

-03120, 

(-0)’- -0078120, 

(-0)»::u -001953125 oto. 


HoupcHO >Yhoro 0 iw Anlto aial positivo. 

a*’-' tt,a.rt « ^ 

iiwu . (c-i 


Hinco a<c, 

Tlienoo rtiqulrocl rosiiU fiillows. 


U 




«0. 


cr"’ 
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^ (•6)«= ‘000260416 i (*5)"== *020833333 

[0 [3 


li(‘5)o= -000000006 

\± 

•500260421 

•020834883 

/. ein -6 = *4794256 


r (-67=:^ ■000001650 
•020834883. 


Ex- 2- Expand Bin (rtj H- /i) in poworH o£ A, 

sin (a* A) = sin a* cos h *|- cos «; sin h 

* A A* \ /, A« A'i \ 

= sm « (^1 j + cos.-« ... ) 

= ain,'V + Aco3ry-rrsin aj- y^oosoj-h 

I" li 

Ex. 3, Find (approx.) tlio number of radians in 0^ if 
sin 0 _ 5046 
”F*~504G‘ 

Since is nearly 1, 0 must bo small, 


. sin 0 |£ 

*• ~ 0 ~~~ 0 


(approx.) = 1 — 


Ex. 4. Eind 


radians, 

, tail 2 ^ - 2 tan C? 
n 53 . 


D0£5 
13 " n 046 ’ 


tWlffi = 


am 0 ! _ / (B® «)“ \/ a? (>)•* X-i 

cosiB |^•■’ j V II 

A ““j A"* -c • ,1 

^ 1 1 /V ^ sola'll 

(a,_|+ |) j^i + ^|yj omitting ton.m 


beyond a® 
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/. • - - •*-=::= - - • -•• 
W 'I- 

^ a .1. 

m — ' ' > 


tiiu — 2 tail 0 ^ 

• • 

0..= Q V 


lOXAMI^Ll^lS XljVm. 

1. Find to 7 jdacos of dociinala tlio aino and cosine of 
1 radian. 

2. J‘ixpnn(l cos (a -I- h) in powara of k 

ii. Find tho goiioral torin in the expansion of cos’’^? in 
po'^vors of 0. 

d. Find tho annul )oi* of radians in d, if 
sin 0 2G4'5 

T "' 26 lG* 

f n. Find tho giomral tonn in tlio expansion of coa 0 in 
jjowors of 0. 

0, ]<^ind the limit of {sin (a H* 0) - sin a}/^?, when ^ 0. 

7. Find the limit of (sin® il^-sin^ <?)/(cos dd-^cos (?), when 

O -- 0. 

8. Find the limiting valuo of [sin (tan a;) - tail (sina;)]/.!;^ 

^vllOu a) 1^0. 

r. T,. t 1. .1* 1 P D sin sill R^? i /i n 

9. I'liitl tho liimtuig value of 

10. ifind tho limit when fw - 0 of 

rt® sill m sin hio 
tan aw - a® tan &aj * 
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[chap. 


11. Find tho limiting value whon ai 0 of 

0^-1 'hlo g, (l 

ftj 


30^ . 

12. If </i = d - 2c sill 0 sin W - -a- sin 3d, 

U’ O 

prove tliat 

d = <^ + 2c sin + -j- sin 2c/> -f- ^ (6 sin 3</> ^ a siu </>), 

whoro powers of e higlior tlmn tlio third ai’O nogloctod. 

13» Provo that when tan 2d and 0 lies bolwoon - ^ and ~ , 

o o 

tan 2 (^1 “ 4 g qJ”- •'• 

and that, if powera of (b above tho 5tU nro noglocbucl, 

. , (8/, 3 „ 31 ,\ 


14. If &, 0 aro tho sides and ^ -I* a, ^ -I* g‘l^y tho angles 

(in circular measure) of a triangle which is very nearly equi- 
lateral, so that a, y aro very small, prove that approximately 

aa + + cy~E (a^ h /3^ *1' y% 

where 7i’ is tho radius of tho cirouinsoribing cirolo, 

1B» Provo that tlio limit of is wliou qi is 

infinito. ^ 


IG. From tho expansion of cosd in terms of d, provo that 

S •»* (a H- ^ H' 

> 

whore n h a positive integer, and tlio summation oxteiiciH to all 
positive integral values of p, q, r, inoluding zero, Buch that 
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xxiv] EXPANSIONS FOR SINE AND COSINE 


17. If cos cos (z H* x) cos A 'I- sill (« 'I- oj) sin A cos 

wliero X and A aro so small that highor powers than thoir cubes 
may bo noglocted, prove tliat 

a’ = A 003 h — ^A^ cot z siu^ h *P ;J-A® cos h sin^ h, 

1 8 . Jilxprcss SQG 0 iu powers of 0 up to 


19. If and aro small angles, prove approximately that 

^ 3 sill </> 3 tan ^ 180^ ' ' ' 

20, Assuming tho expansion of sin^ in powers of 0, prove 
that 

. , . Isin^^^? 1.3 8in«<J 


21, If sin (30'* ‘h 0) ~ ‘Cl, prove that 0 - 39' CO" (approx.). 



TEST PAPERS. 


\InGluding Pro 2 )ertic 8 of THcmigles, OhwpiGTS XIII and XI 


XLVL 

1. Provo thafc the radii of tlio oiroles inaoribod in i 
trianglea into -svliioh ABC ia divided by tho lino wlucli biso< 
Uio anglo A, are to ono another in tlio ratio 

C f, , C-B1 B f, , B-C) 

oos ^ -)-tan — * cos ^ + tan — ^ , 

2, Slio>v that in a trianghi 

cos 2 b cos 2 A = a° -p - iab sin A sin B, 


3. 


Provo 


tan® A — tali’* B = 


cos’* B — cos® A 
cos® A cos® B 


4. In a iidanglo ABC, I is tho ooutre of tlio inscribed ciro 
ID is perpondicnlar to BC, BM and CN aro porpondioular to / 
show tliafc tho triangles MDB and DNC aro equiangular and hen 

A 

prove gcoinetrically that ho sin’* ^ sc (a — &) (s — c), 


5, Show how to construct tho triangle ABO when R ai 
tho angle A are given, and establish tho limitation that tho ral 
of r to R must not bo greater than 

^ . aa .an 
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6. Given that iau A and tan B are the roots of 
find tlio valiio of 

sin” (A I- B) -h 2 ^ . sin (A -I- B) cos (A h D) V q cos® (A B). 

7. Given 


prove that 


^ H- (/> = a and si n” 0 - sin® «/> 


sin (0-0) 


sin a' 


XLVIL 


1. O is a point within a triangle ABC sucli that 
, CAO=nABO=:=BCO=a, 

prove that 


eot a cot A 'l* cot B *1- cot 0, 


% Provo that 


A 

“«2 


COH^ 


cos 


2 


1 

r‘^ B C A^* A B* 

ft oos g ooa g h cos ^ cos g o cos g cos g 

3, P, Q, R ai‘o throo snccoHsivo niilestonos on a straight road, 
A is a point such tlmt APGl =? 20** ; ARQ = 30^, Find AP in yards* 

4, In a cirolo 5 niotroa radius wliat is tho length of tlio aro 
which Hubtoncls an angle 33° if)' at tlio contro? (7r = ’^^ .) 

5, A BCD is a qinulrilatcral, AB 14.7, AO 136, AD ==: 98 motrcs. 

BAG •=: 22° 30' ; O AD ~ 34° 15'. Find tho area, 

6, Ihwo that 

2 tan 0- sin 20 

(0 


(ii) Boo(?w0. 


2-1 
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7* In a triangle 


pro^'0 that 


2 cos A + cos B *1* cos C =3 2, 




XLVIII. 


1. If 


— C) = 


3 sin 2c 
6 - 3 cos 26 


) 


prove that 


tail B — 4 tan C. 


2. Prove that the medians of a triangle form with tho side 
they bisect 3 angles such that tho sum of their cotaiigonts is vAiv 
when the angles aro measured in tho same sense of rotation. 


3. If Q and R are the points of triseotion of tho sido BO 0 
a triangle ABC, prove that 

sin BAR . sm CAO = 4 siu BAQ . sin CAR, 

and 

(cot BAQ + cot QAR) (cot CAR cot R AO) = 4 coseo® QAR. 

4. Provo 


(i) ' ~ coseo 2d. 



5. yolvQ a triangle, given 

rt = 2143; 0^4172; A«2C"r. 

6. The nautical milo is an arc of the earth^a equator whic 
subtends an angle V at the centre; find its length correct to th 
nearest foot, using 

one radian 206265" ; oartVs equatorial radius 20926000 ft. 

7. Prove that 

/'I -- 2 Vi - i V — - ■ 

V n/V’ n/V’ >8/ 
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L, 

1. With the ordinary notation prove 

ABO 

A =: 2R^fliii A »in B ain C cot ^ cot ^ cob , 

^ A A 

2, If the angle A of a triangle ia 60“, prove that 

•+• & H' 0^ c6 + 0^ " 3ho *=> 0* 

B, In a triangle in ’whioh rt-h 6 = 2c, prove that 
a coa'’B — 6 cos A = 2»*-~ 26* 

4. In the side CA of a triangle ABC a point A' is taken and 
in CB produced B' ia taken so that A'B and AB^ arc parallel, 
prove 

AB° sin A^ sin 
AB' * A'B ^ sin Asia B * 


13. Prove that 


(i) 


sm7^ + sin5d 

jr^ = cot 0 . 

cos 5Z/ — cos?^ 


(ii) cos 7d - cos 13Z) == 2 {sin 1 Id sin 2d h- sin 7d sin 2d 

H' cos Gd cos d - cos 5 d}. 


6* Given 


prove that 


. . tan a + tan B 

tand-n — ^ i— 

1 tan a tan p 

, ^ . sin 2a -h sin 2/3 

2d - •= r— i— ^ 

1 H Bin 2a sm 2j3 


7. In a triangle ABC, 6 and o are given and it is known 
that the height AD = the base BO, prove that 


( 



ri>ir I'APMim 


ao 6 


M. 

1 . 

(l.r'O 0 O f 1 Hil l 1 

(ni’H 0 I (nil Of I Hill r 1 ’ 

if I ( liH n'lihonf (Im« rlmhi hi?(t*ri)n r| in a (.riaii^ln ABO 

{ihtiw ( lm(. 

A( . Bl . Ot 

ff ttht] 

tl, PmvH flmf, 

iUi]\ tfa I r*>’i Im I ro (la ) I'nTi Set >l rtK'i fta ('*>:i ‘]it ('<>:< u. 

1 . In any hiHii;;liMi|in\v (liul. 

0^ ^ ti* a*’ O'* 

lull A ' tun II ' litiio ' ■ 


• i. U I VI <11 tliui 
priivn (liiif* 


ivifi 


V*r\i}i til 
i *1? iiiiri i/i * 



I' 

- ill 


lii If |irnvii tiiiii. 

a Hiiu t?(f) I 0 mn \W #f, 


7. In till* Ann, A'n*<V llih nn;<li'!t (( mul n'mn uqmlj 

wIiiIm thn niijfli' i A niiil A* nrn Hn)i)>li'iiiMitliuy ; nliow llnilj 

mi* hV r r/. 


j. /iH'/m/ifH/ tttkuiiil #i/^ iwl Inv*)VHi\ 

/ rV^v-Ar/f XV/ find XVH/.] 

I.ll. 

1. I'mhI fliH t*F an nm nn tlm nni wliii ti militcMidM au 

nnidn nf min luiunfn ufi llin mititii nf lint rnrilij i>ho 

I’iu lli a I’pIiHMt ut itiumntiu* Jtiilivr. 
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% Solve sin 20 - oos 

3. If A + B + 0 “ an odd inultiplo of tt, hIiow tliaii 
sin^ B + siii^ C = sin^ A + 2 cos A sin B sin 0. 


4, ABO is a trianglo in a horizoiitnl piano, "with a riglilj 
angle afc C, and P is the middle point of AB ; a llagHtiilF is sot up 
at C and it is found that its angles of vortical elevation at A, D 
and P are a, ; show that 

tan® y — 2 tan a tan ft sin 2 A. 


6. The difference hotweoii tlio perimeters of an iimtudhod 
and a circumscribed regular dodecagon equals a*, show that the 
difference between their areas equals 



6 . 

7. 


Solve tliG equation 
tan 0 — 


1 sin 2^ 
6 * cos 26/— 


Pi’ovo that 

2 tau”‘ J + tan"^ ■^4-2 tan“^ = 46®, 


LTII 

1. Solve tlio equation 

2 Blip cu=; cos® 

2. Provo that 

(i) tan~^ 3 + tan“^ 2 -t- tair^ 1 == tt. 

(ii) 8in“' tan-^ cos"' |5 §• 

3. AB ia a liorizoutal road 1 kilometre long running H.E. 
from A to B. At A a balloon is observer I duo 111. at an 
elevation of 58*^15', and at B it is seen in a direction N. 27'’i2'E. 
Piud tho height of the balloon to the lujarost inotro* 



Tl-ST UAVKUH 


ar)? 


In liny imnn tlnil. 

. ,A , , A) 

Min'* - 1 imr .. •!> mir ■ ; 


I 


r 


l\, Kruiii rho lop nf a vorUnil tmvor wlinOl Mandn on a lliib 
pliiiii, a of a llii;^M(iLjr prtiji*«?ln, iind in innllmul iii} mi 

nnjd*^ 7 linilznii, Al> a piiinli on Ihn iu Uui 

v cM l it'ul piuiin rniitniiiiii|]( Mio and lla^nluir^ Uhj nlovalioiiH 

iti Min tfn> of llio to\vi*r utid of llio oiid ol; Dio ilitf^NiulV ani 
liouul to Ijo », ji vnupiMilivnly ; ]mivi» tliat. Urn liniglilj ol: tUo 
tow or in 

a niii riiiin {/f i y) nn;«?o {(i -a), 


(i. If P in u point In fho tililii hO of a h'liiiimlo iiunh Dial; 
i/iUP vKiP, nliow lliut. 

mr'* I (in I' vr) AP** t vaPP’ I- VfCP*’! 

mid dodm n ilint 

n) t 
{m i Vi)-* 

7. Viiivo Unit 


Ian 0 I r! fun tf/il o«»t 0 1 out *Ut 


\A\\ 


I, if A i P 1 (5 1HU\ provn that 
niii A in-o), /\ i (dn M » nin D) tun A A (itliiH ninO)onl,| (IU .O). 


II, Hnivi^ Dim iMpiafltinn 
^i) rot A OM i« 0 hA I, 

•J \/li 

(il) vivA A i«lli ‘i A \ Miir^ A i‘t»n dA ' . 

:t VroVM tlmt. 

Inn * .»* tl Inn * |o^^r^i’o iuii *i»v laiii ot 


•1* Kittin iivo piiinPi A and i\ IdO imdron nparf) in u liori- 
ynniui pluni', llio Uno joiidoK Dm foi^t of a liiwor, in i\m namo 
iduiip, |m n hidifoiola an anf<t»^ of U7” \ *X at A, and I hat joining 
(lio fi.Mt of Dm hiwor to A liiitpU’ialn at H. Klinl tUo 

Jioiglit of Dim lowin', if Ilia aiigto of olnvalion at A U 117“ 10', 
Aioovi r lo flin nMiuorit tlmdinolio. 
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m 


5. Find a value of x which Hatiflfios tlio oqiiatioii 

4 cos X I* 5 sin x f) *2, 

6. Find tho aim of a trianglo in wliicdx tho two sidon jiro 
187-5 and 926*8 contimcfcros, and fclio inoludod angle 27'‘ir)\ 

7. If I is tlio oontro of tho iiiRcribocl cirolo of a triangh^ ABC, 
show that tho radius of tho (hrolo insoribod in tho tiianglo DIG in 


J2a 


. D . 0 

mil *7 sin T 
4 4 

A , A* 

(JOS -j ™ am -7 

4 4 


1 . 


LV. 

Solvo 

tan-^ (ftj- 1) -f. tan*'^ (2 - a;) 2 


2, In any triangle show that 
aba (1-2 cos A cos B cos O) 

a® cos B cos 0 -j* cos 0 oos A -h cos A (Kjs B, 

3, Solvo 

sin 0-2 sin 20 cos 0 i cos 3d - Bin 3d. 

4, Show that 

4 11 

cos*-^ g - fiiir* tair ‘ ^ 46 ". 


6. Draw a lino BO and divido it at N so that NC.-2BNi 
draw AN at right angles to BO and equal to BN] join AD. AO 
and show that 

2 (tan A *!• tan B h- tan c) i* 3 0, 

6. OD, OE and OF aro tho porpondiouhirs from a point O 
to tho sides of a triangle, show that 

cot ADO -I- cot BEA -h cot CFB - 0. 


7 . 


Show that 

(i) costan^^Ajj 

(ii) tan cos^^a* 


1 

- 

X 



TKST l»ArKH8 


tm) 


liVL 

1. If k in (liH nf fliK hiiiri^tor i>f I ho iin/'ln A uf n 

hiau;*lti AlU), plnVii tlmf* 

. I , V . A I , B O 
A ,, A (/i I r)niii .,/.vrin.n ,, . 

,4 

l\. all llin vainrn tif (an// ftmninti*iil» 'wli.li 

(i) nrn 1^/ BO IB. 

(it) (an (ri- intl. 0) rt»t. (vr t im (/)♦ 

:h I'inva |lm(, 


'I. Sol VO 


ytti ^ l\ i riisro * , 


(nil *{irrM />) 1 (nil ^ (ii,r A) , 


/*, AB(> if) an ininilutorul Iriunj'tit and P in \\, jininl in BO 
anoli tliai 101 {HO; nliow lludt BAP KlWil'. 

0. If A I h ! Ci IB0\ ?i|miw Uia(. 

A B O , 7f I A vj- h B ti 
t *'on t'un ’I OOM 4NHI roil 

• r rJ ft 'I '« 'I 


V. \Vi()i flin iiMta) ito(af inn of iniict'iljotl and ivirtnlnnl aiiiflon, 
^ihtiw Iluil. 

n\iy.r n)- (/| ■ o) r,! ;, tan^, 


lAMI. 

I, Hliow (hdi ill j*ny Irianj'h* 

it \ ft , n 

(i) n ♦*'< A I I’oii B . B ?>ni • . 

(li) o^ 4 on(B U) \ AN'nn(( 5 A) t ' I’o i ( A ^ B) ItoAo, 
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2. Provo tliiifc 

COSOO 0 COHOO ~ — COSOC </) CO«CO ^ , A I 

2 2 0-lh 

— 71 - ™i — tjin — r"' • 

(i) 0 (t 4 

coaoc ^ cofloo 5- -1- coaoo </> oosco 
A A 


3. ABO i« a trianglo and P in a point witliiii tho angl(^ A, 
Huch that A and P aro on oppoHito HidoH ol’ BC. II! CP Huhionils 
an angle a at A and /3 at B, nhow that 

PB ain (C — H* «) — ain (A — a), 

L III a trianglo ABC tlio cirouin-radiim ia ii tiiuoH tlio in* 
mduis, prove that 

^ =:= a? (/> ►!. ft) (o ’l' a - h) -i- (ft h - c). 


5. If tan (2a— 3/9) -cot (3a— 2/3), 

ami tan (2a *h 3/8) - cot (3a H- 2/3), 

allow that a and ft aro both niniltiploH of , 

6» Show that 


2 tan''^ i tan”^ 1 ~;3 ^ - tan"* ,r .- . 
4 5 4 61 


7. Show tliat 


. ,/ ft) Bin ft \ , /(c — coBftX TT 

tan~^ ( ) - tan * ( - ~ ) vi ’ 

\l-a)aoHu/ \ Bin ft / 2 



M 1 s( ! i«: 1 . 1 . A N i<;( >1 1 s y.x a m i • i . i'X 


1. Tnivt’ tliuf 

(i) r.Mi-'A I I A) I a) 

(ii) r»' (A ) i A I i'lJ’i ' (a I *tfi ) I (A 1 DU ) ii. 

In Mih uiiiliij'Unur. ims o <*t' i\\y rinlufioii nl fi lrinnf.5ln Ashnii 
H, fif A nil? |!:ivi n» 

(I) i i riM A, 

(ii) 

TIih li i*i' I wn HiljiM'iiuli imlni tif lu ]i/u‘uUi‘lo;{nun aro 

„ iii'iil /<, mill (lii’ii' iiK'liiili 'l »“ "i 

,M»ialli li>f!ri«iit fi'iiii"'! '>•" i'f II"' ii'lti'i'U- iiiiKli'ii in 

}i (if 6)' niii a* 

> 1 . 'riiM Ilf nil* (o|» uf JI. llHjviUilVoJi Min mnmniii nf a 

liiU iii mIij i'i Vnl In Im M. wiuni Ihn titiisni vin* wallni luliiilaunn ti 
Mu i iW hnvaiiln (lin MU, Mm iiip nl‘ Mm lluKhlaiV in fniiiMl U> havn 
iin rlnvalinu l)m rlnvufiMii nf Min hi)l (np M y, Wmw 

Mint, ihn In i}!ht, nf llm hill h\ 

itain n rnn/i Uni y i i»:inn {jl - u), 

U, I't'Mvn I iial' 

>.ii, (II <1) I 1‘in •! (<5 ■ ■ A) I I'iii (A H) 

I, in (II (;)iin{(> A) Mill (A 11), 

tS, lltKl fi I ill I •'* i'i" (-•' • *'•* ) 4’ 

i- Y. I 
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8. Prove that 

sin 6^ = 6 sin - 20 sin^ ^ h 1 6 sin" 0, 


9. I£ 2/ “ ^ sin rtj 4- & cos oj, express y in the form A sin (ft? ^ «)> 
where A, a are independent of x\ and hence show that y inns 5 lie 

in value between i 
10, Prove that 

aho {a cos A -h 6 cos B 4* c cos o) 8A^ 


11, A man travelling along a straight road on a plane 
observes the angle of elevation of the top of a lull as lie piissoa 
three successive kilometre-stones to bo a, a, /3 respect ivoIy« 
Prove that the height of the hill is 

1000 {2 coseo (a + P) ooseo (a”-/3)}i sin a sin ^ metres, 


12 , 



Prove that 

, cos iA 

seo A — —i 4- 

V 1 4- sin A 


sin ^A 
\/l - sin A 


In any triangle prove that 

cos A cos B 0 08 0 _ 1 
c sin B aBinO ^ & sin A R * 


14. If tan (5 -ha) -tan (<)-«) = 
prove that 0 — 4^ a or (m + -J) tt — 


16, If a, p are two angles, not dilToring by 0 or a multiple of 
27r, which satisfy the equation a cos ni 4- & sinoj ~ 1, then will 

a= cos ^ (a 4- see J (a — /8), b — sin J (a 4- /?) boo ^ (a — fl), 


16, If P is a point in the side BC of a triangle, such that 
771 . B P = 71 , OP, show that 

A 

am BAP _ nh 
— 1 , 

am CAP mo 


cot 


6*4 


:bco 2(? — tan 2^» 


17, Prove tliat 



MISl-i:i.l,ANi;nW!i KXAMI'I.IM 




IH. Hliit\v tliiil. liiii (it 1 7 ^) uml itiii (ti /i) Imvo Uin Htinn» 
only whim dill It nfnH)' fNci'i'iln nin /I. 

III. Ill liny t riiiii}!l'% Miitli 

inn (A l/r) I tan (II (iti) i Inn (O Vii") 

tun (A •U.' ) lull (II III) ) lull (C - 7r>’‘), 

•,’U, I'niVii 1 1 ml. 

H iiiii in ' uiii >IO' nil! 'til ’ '.I ••ii.'i '.!l)'’ 1, 


, •' I 


»|ii< 


In liny 1 1 pnivit lliiit* 

( 5) I />i’o!((C | A) 1 H) 


II' I r'» u/i a ntnl fihUil i nin </i A, pnivo Ihttt 


I^Vnin n \vln»li>vv nn niit^ niilo utf u nln'ol, a linilding on tlio 
t»t liiMMiiiln iri nU n'i Vi il fn hiilih^uj till niinln n. IF tlio ^VultU of 
I lin liit i nii Imit 1*< ‘'t, mill il' t Un ln'i^'lit. i*l' llin jininli nf 
1m A idinw iJiiii. llm Imiitlii of Dim 1»niMiii|5 in 

{»r I /i^)itin tK 
<1 1'iKifi t Aniii n 

' !M. Si»lvi> bin *M) \ **f\*Mh miiO i mh /A 


!tfi. in tiny H if 

if . f 

/f l it’ i? l K n \‘0 

IM iiVfi Inn .*,/Muii J*/*! m * hin JA hm *Jn Inn JO, 


'Jli. IVmvh iImUi 


n iifi' 'J»‘ M 

'*'|'iii'‘“ (I 11 II 


t!V^ Piiivn I lnU« 

lull ( Ur I/) iilii jni.'i 1 . 1 W I liiii :!!/ I||i’n!i*.!l> -Mn 2 l?-l- 1 [|. 


1!M. 'rwn I’linlilii Itf It nifuli’, niililtuiilhi)! itiinlfM '2a, 2ft fib illlO 
ffiihi’ o, iiiit'iia i i ill u jHiiiil li witlilii lli>! rii'iilii; |il’()v« fcliab if 0 
lai tlix iiiihIx l«•llv^•x|l lln-in, itinl i' lli» miliimnl! Hw ciroloj fcho 

tlinlitiini 111: r y It 1 ft l! »'•«< « i'i>« /i c«« i 

li<'iit}( uii[i|H>u'il lliul. I In* ill iml. wllliiii Mill (I iui{{illlU' Bpi.i.CO» 


'ri'sr j'Ai'KuM 


3 <>8 


XI.IX, 

1. Sdivn It (I’iitlif'lii, (jlvf'li 

II ; /| liTii.’t ; A Ii'.l"! I’. 

'I. Pi'iivt* t liul' ii.iiiM^I 1 ft vti-iU lii* I 

I /i': nV I /»“, 

ful' till valnn i nf it ) Unit 

iinWU) I VJn<\\\ 0 vM \0 \ 

lii'i iK'lwmt 

' K" ftr, 

*Hiii " !/' s//p 1 ,1 

,'i. I'litVi' (Imi. 

Al t)l 01 

Ai, ' HI, ' oi, ' 

wIm'im Alio u\ H fliiMijrIn iiimI I, l,„ nrn tUn ttnnfcrm of ilm 

iuiuMtlHMl iMi»{ r 


■ 1 . In nuy IliiU, 


.A II () 

I t I'lll, I I’t.l 


fi H fi 

I I , 

’ 't » 3 


I’lil, 






r». A iphitif Ilf |Hn'iiiinfni' iniimhtul in it, oirolo liiiN 
f >vn vnlii’r uM Mm nMil^t i>(’ n ilminplrr. If f) avo two 

i Ml fliu fiiniM nf iliii iliiMiihMti', iilinNV (liul. Iho Hvna of thn 
i|»unlriliMrinl i'l (/? ii) (/# < /i). 


n, Mham lliuf 

(i) A tlA (* nin** ^ ' H i in* . 

(ii) iHiifH? A J !il ItiA ' ; niHi A rnl.^ » 

7. Him uplift i»f a nm !/» uiul 

Mm nn^^K 
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XXm] DE MOIVRli’S THEOREM 

Wo will do ao for tlio case 

(coa^ + isin <j))^ 

tho mothod being j^erfeotly goiioral. 

Lot a lino OP starting from OX, rovolvo positively. Kvery 
time it passes OA it represents 
(eos<^ 



Let OR rovolvo ^ as fast, then from tho abovo^ the 
position of OR at tho instant OP passes OA will indicato 
ono valuo of 

(cos <j) -I- i sin , 

(i) When OP is at OA tho 1st timo, OR is at ORi, 
x6 Ri = ^ , and (cos f/) + i sin (j))^ — cos g + ^ shi ^ ; 


(ii) whon OP is at OA tho 2iid timo, OR is at ORj, 
XOR,==^^^, and 

(cos ^ 1 sin (f)^ = ^cos si n ■ 

(iii) when OP is at OA tho Si'd timo, OR is at ORai 
XORa = ^^^^^, and 


. , . , , vi / 47r + </),♦ . d^TT (b\^ , 

(cos ^ ^ sin 0)^ = (cos — ^ ^ 1 sin — g — ^ J > 



/ 1/ a 


ftiul 


/ 1/ a — # a# j 

6t ^ “i" ^1 ) 

/. (?V2» ~\" ^y) — Ov’u ^3+ ^i)) 


•*• (^*ii ^i) ^ (^*ai ^ 2 ) “0*2) ^a) ^i)* 

ThuB complex qoaiifcitio« when muUtplied obey tho Com’ 
mutative Law. 


Q28. By Art. 227 

(n eY^{r\ w\ 

one {)f tho values of [r^ 29]^ is (r, 9). 
♦\ GUO of the values of (1, tt)^ ib 
But (1, tt) is what is usually called — 1, 


►*» 2^ is what is usually called 1 or i* ^ 


Thu>s if OY is perpendicular to 
OX, unit length along OY reprO’ 
sents i, 

a lengtli ^’sin 0 along OY ro- 
proHonts t.rsin^. 
hHim 

6, 81110, 



(?*COB 0 , 0 ) ss COB 0 . 

But by Art. 226 

(?• cos 0, 0) + sin 0, := (r, 0), 

. • . r (cos 0 H- i sin 0) = (r, 0). 

Thus tho figure in Art. 227 ia tho geometrical repre- 
sontation of tho identity 

Vi (cos 0j -I- i sin 0i) x (cos 03 -I- i sin 0a) 

==:= rira (cos (01 -f 02 ) H-isin (0i -h 02 )j. 


23—2 
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XXIIl] DE MOIYRE's theorem 

Now 

cjJ „ 2?;V - 2tfW - 

EH (« + & -I* c) (rt — 6 - c) (a - 6 + c) (rt + i — c) = 0, 

/, (ct)s a -I- i sill tt)'*— 2S (coa ^ sia^)^ (cony -i- i ain 0, 

(coa 4ft -1' i ain 4a) — 2^5 (cos 2^ -l- i ain 2j3) (coa 2y -t* i sin 2y) == 0, 

3 (coa 4a m* i aiii da) ^ 2S {coa 2 (j3 + y) + 1 sin 2 (^ + y)} = 0, 

Equating real parts, 

^ coa 4ft !== 2S coa 2 (/3 + y). 

226 . Greometrical representation of complex 
quantities, 

l^liG j^oaition of a point P rolativo to O is defined hy the 
direction and length of the lino OP, 

OP liero indicates not morcly a line 
but the operation of moving a point 
from O to P in the direction of the line 
OP, 

OP is culled a Geoinotrical Vector. 

A complex quantity inay bo ropre- 
Bentcd by a geoinotrical voctor. 

The length of OP(r) is called the Modzihi^* 

The angle (0) botwoon OP and a standard direction OX is 
called the AiujiliUide, 

OX is called the l^rimary axis. 

The complex quantity is written (n 6). 

Since ^YG liavo no conception of absolute position the 
vector or complex quantity 

O^hOP, 

■wlien O'P' is gcomotrioally parallel to OP and equal to 
it in length, ie. when OP and O'P' are the opposite sides ot 
a porallmogrann 
n 



23 


XXIIl] 


]>w JMOIVKIiI'm TITKOHKM 


im 


hO 


2?’7r 


fhO 2.s'7r\ 1.1 


i-e, -j- (r - ts*) u inultiplo oP 27r, 

i.e, ?’-«= „ of/;, 

^vhicll in itnpossihlo whnn both r and s Jiro limited to 

0, :i, 2,», ,(*^:i). 

^L'luis vfQ havo found /; difibront valuoH of 

1 

. (cos i Hin 

h 

i,e* of (oort 0 -h i niii Oy , 

and by tlio Thoiny of ]<jquiitionH 1ms only k roots, 

i.e. no root of a (pumtity can liavo nioro than' /j vahujH. 


22^m Ex, 1. To oxtra(?fc tho nth root of as* ib. 
'1st, put a *1* ib ill tho form r (oos 0-\ i\n\i0). 

Thus lot r ooM 0 x-.x r si n 0 b ; 


HO tiiat 


or 

or 


1 1, 1 

(a H* iby^ i (oos 0 s- imn Oy^ 

li/' ^ • o\ 

\ n n) 


\{ ^ 

^ { (lOS 


^‘h^TT . . 0>\^*2n 


(♦ t sm 


n / 


/ 0 'I* 'Itt , i 0 S- 47r\ 


^cos 


' -I • 


Vi ; 


. 


or 




o-\-u~'Zw . . 

COB s*^ Hin - [ 

n n \ 


and l)y Rulwti tilting for r and 0 ^vo tlum havo tho 7 iftli roots of 

a 'h ib. 
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lies botweon 1" («r 1) and Lt { cos-V'; 

«=to \ w/ 



Provo that ! 


HXAMPLKS XT.VL 


, 2 4 0 

(O’’’ |C''’|7 

o 2 4 0 

■ li''' 1=1 '‘I?.''' 

. 1 


n. 


fl 1 ^ 

1 

1 , 1 

i. 

■"II"- 

I J 

ft . 1 

1 


'’[3 

" 11." i 


'i: 

1 



O-l-l 

0 -1 T i r 

1 "' 

c r. 1 2 -’ ip 4 " 


7. Lt 

«sacO \ ^i!'/ 


n « 


y. idtmtity m ^ 


proYO 


1 

, ftj - 1 — 1 ftj® — 1 
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XX I ] 


Ex, 6. Find i ho valiio of 

lai i a ‘h 2 tail -- -I- - tau h- . . . to n torinss^ 
km u out a 2 cot 2a 

I (t 1 a 

tau ^ -jy cot - — cot a 


t)ij iw oa ;73 





tluuufon^, lidding 


2»-*i ^ 2^t~i ”” 

1 CL 

s ~ 2 n '"1 2'i'*-“i~ ^ 


a 

2^-3 5 


McirioH involving the fltinaros and cubes of sines and 
cosines inay^ bo oval anted by transforming them into new 
Htirios containing multiple angles, 


Ex* 7. Find the value of 

cos''* a 'i* coa^ (a n* /j) -i* cos“ (a •!• 2/3) -t , , . to n tortus. 

Wince 2 ces^ a - 1 -j* oos 2a, 

2S - {1 h i?oH 2a} 't- {1 'I' DOS 2 (a -(• jS)} -i* {1 -I- cos 2 (a -i- 2/3)} + , . 
r :: 71 *1' COM 2a H- t'oa (2a *1- 2j0) -i cos (2a -t 4.'/3) + , , , 
cos 1 2u H* (a -- 1 ) /3} sin 7hB 

^ r yy -- -* 

mil /i 


Ex, 8. 

Wince 




Find the value of 

siu ’^ a 'I' sin-'* fta siiv* Tia -I* , to 7i tonua, 

4 sin*’ a — 1 ) mi a- sin 80, 

48 r : (.'1 sill a — sill l\a) l- (3 sin 3a - sin Oa) 

*h (3 sin Ca - sin ISa) + , . . 
3 (sin u I- Hill 3a -l- sin Da (•,..) 

— (sin 3a -l- fiin Oa -h sin IRa -i* ,.,) 

3 Minina Hin“3na 
sin a HiiiStt 

22 


SUMMATION OF SKHlEa 


817 


210- If in tho Bino-aerieB, wo chaiigo j8 iiito/ 3 -h 7 r, 
wo obtain 


sin « sin (a /3) mu (a 2/3) — to n ton ns 

aiii iu 'h 2 ^ (/3 4" 7r)l Bin 


and in tho cosino-aorios 

cos a - cos (a -h /3) non (a 2/3) — to 7i terms 

(i<)« |« 2 (/3 'I- 7r)l Bin 


211. Ex, 1. Kiid tlio value of sill A ‘l^mnllA bsiuCA F 
to n terms. 

By Art. 200, 

Hiu (A •!’ ■ 2 a j «m n “2 

Heriim - — ^ ^ 

, 2A 

8in^?iA 
Bill A 


By Art. 207, 


HorioH: • - 



\ . 2a 

, 2A 


TT 

(!..H -I- 

3ir 

turn 

r Sttn 

•I- 2 

, Stt 
""'17 

, TT 

Hin 


, Stt 

. Uv 


~ '"2 7 7 r "" 2 ‘ 

Hiu Hin 



..win I 


U\H 


INVKItSK LMJNl? I’lUNS 

Ar* a I /A* , \ 

'( 2/. ) I, )■ 


a !)7 


ii'j 

*■4 I « 


, iff* \ I , , ht* I' I . , i'(f I 

ml, ^ , i rul/ ' 1 vul * .(), 

f(, ' 0 n ft <f *•- a 


/rl 


V it f* 


rmi 


, li \^(a * • IJ‘) (;<! /<) 


rt • ' l> 


UiW ‘ r tail ’ J I liih * i !• lau' ’ ^ 'jl . 


:!i;. 


:!M. 

VM 


, I * , 1 i'* TT 

tiiu *►? i tun ' - - ♦ 

I I iit *1 

, , I 'ii' 

Mil • 1 rnf. . 

fi >1 


t un I tun 'v/itan * tun ‘ , )■ 

\l AMt 07 // 

I lilt wiinn 

,n /1 I I n/I - ■ 


1 / tun 


V I 1 • \ A ’ • 


Holutlou ofetiUiitlonH* 

100. M’hin is In at, illutit iul.nl liy imkiul nxmnpK^H. 
^i) Silvn 

tuh ‘,r i-lun *{( “ •*/*) M y (an ^ 


1m Mil I All. l!M’ 




‘'•) ,, 

, , 2V,.r:;:i 

fun ' » . 

1 - * 

1 


11 ' • 0 '^ 

1 V . ,f! 

1-.'' 

1, ‘ y** 

lli<*i<‘li.i<. I'ilti.'i' 

1 . .r-l-i.,.' 

i), i 

I :l: V“ 

'.If. !»■> ,) 

M 

1 ,r ‘J V.,' • ■ 

1. ^ 

•JK 

>1 iiti, 

1 

nr 

1: V •» 


1 


294) ELEMlSN'l'AUY TUIOONOMKl'llY 

194 . (ii) Find the value of 

t,an->«± tan“'7/; and of 2liur'fl;. 

Draw two figures putting tau-> to = 0 ; tiur ' i/ « </>. 




tan-' IV 4- tan"' y~d+(l> 


-tail" ^ {tan 


=tan’ 


. j' tan ) 

\l-tan^tau(/jJ 




» sill"' {sin (0-l-<y>)} I ek). 


= sin-' {sin 0 cos (/i-l-ws 0 sin »/)} 

. f tv _ 1 . y I ] , 

-sin Vi.|.yj‘ s/] ' 


a)^y 

obviously — tan ^y^staii 


Again, 


20 — tau*"^ (tan 2(5^) I 

^ cos'*"* (o<)H 20) ; 

1 

2 tan 0 1 

COH"^ (2 0 

tan*"^ - 

1 — taja*^ 0j 


f iw \ 

- 1 ( ^ 

tan”^ j 


==s(!OH 'It; - 

\ 1 -1- flJ** 


Tho yaliioa of 2taii iiiigbt cibvioiinb 

havo been obtained from tboHO of h sin * ?/, oi <?■ , by pul ti n\ 

id = 2 /. 


NUMERICAL EXAMPId^lW, 


196 . Ex. 1 . Provo that 
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ELEMENTARY TUiaONOMETUY 


46. The adjacent pidcw of a pavallolognim moiwuro « conti- 
motrea and h contimotroa, and contain an anglo fi. Provo that 
the anglo at which the diagonala intoraoct ia given by 

coa ± (JOB 2/3 -i- & 

46. Prove that 

coseo® A — 1 — cot^ A (cot* A -h 3 cot® A 'I' 3), 

47. In any triangle, prove that 

c® — 2ao coa -h ~ coa , 

48. Provo that 

tan« 0 + taiP (o -I- 0 -I- tan» (o -I- « 9 tn'R" ^0 •!• C. 

49. Provo that 

3 tan a - 2 cot a — coaeo 2a — 3 oot 2a. 

50. I£ C bo tho mid-point of an arc AB of a cirolo, centre 0, 
and if OC cut tho chord AB in D, h\\o\v that tho urea of tho 

CD 

segment ACB of the circle ia R^(d-Hindooad) Avhoro vorad« , 

and R is tho radiua of tho oirclo, 

t 

/ 61. In any triangle, prove that 

0 o 

(tt -h h - 2df BOO® g (a - hf oohoo® ^ 

1 = (5 c 2a)® sec® ^ <?)® cohoo® ^ 

= (o H- a - 2&)® 800® S (c ™ af cohoo® | m 1 0 (R® — 2n?‘). 


\/ Solve tho equation 

800 4^-800 2tf«2. 

53, If 0 and c/j bo tlio greatoat and least angles of a triangle, 
tho Bides of which are in a,p., prove that 

4 (1 « coa 0 ) (1 - 008 f/j) - cos 0 coh 
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rn. If 


Eiiid 


prove that 


•sin a; - sin y = nm y — sin z -!■ h sin 


2 (cos A - 1 ), 


CO. Tho roof of a barn is in tlio sliajw of two similar and 
equal rectangles itKjlinocl at an angle ^ to tho horixon. A person 
standing opposite ono of tho sido walla at a distanco h from it, 
finds that his oyo is in tho phuio of tho roof on that sido ; when 
ho iiioroaaoa his distance from tho wall ])y c, lio finds that tlio 
elovation of tlio top of tho roof is y, Provo tliat tho width of tlio 
barn ia 

2 [o cos sin y cosoc {ft - y) ^]. 

V' fiC. Hoi VO tho equation 

^ <0 cos 0 b sill 0 -*=3 c, 

In any trianglo, prove that 

tan B tan C -h tan 0 tan A tan A tan B 1 •[• hoo A sco B soo d 
, ' 58. In any triangle, bIiow tliat 



{s - a) sill A 1$ - /)) sin B (« ~“o) sin' O 2^ * 

59. Find in dogreos tho suni of tho tlireo acuto angles, 
Niir^llj, c!os"'J^, tau-'Yr* 

fiO. 'Dio sides of a square, tJilcen in order, subtend angles 
a, /3, y, 8 at an intcjrnal point: prov'^o tliat 

cot a coir y ^ cot ft -h oot 8 * 

fil. Provo that 

taiiH2r 


a 


25 
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30 LEMKNTAUY TIIKK)N()MKTRV 


62. If A -I- B “)■ C 00", jiruvo tliat 
cofloo A cosoc B COHOO 0 - cot; D tun C - cot C tau B • • <?oli C tun A 
- cut A tan O tJut A tun B - aui) B tan A 


63. If 

sin A -p «in B, cos A cos B,. sin A t cos A - • 9^ (sin B J- cus U)» 


prove that 


(j, - rf ( 1 - <f) I- {<j ~ rf ( 1 - y-") - 0. 


C4. ACBP iH !i quiulriliitoral hucIi tlmfc t.hd lui^'lo AIM) 

(2/3) is bisf)0(s!(l by tho fliaf'oiuil CP. If CA •. ; a, OB : h, mill Itm 
anglo ACB;i:=a, prove that 

ab sin (a 2/3) 

sin ft ' H- .t- 'iah cos (a *i* 2/3) 


cn. In a four-sidoil hold ABCD, tluj anghm subtcnidiul by DC), 
DO at A arc rospoctivoly 60“ and 30"; tlio angles mibbsidcil by 
AD, DC at B arb roHp( 5 clivoly 30" and 60"; and ilin length of Ati 
is 300 feet. Knd tho length of CD iiud tho an^a of tlio hold* 


6G. Provo that 

I cos 0 cos (120" — 0) turn (120“ -i- <?) tins 
67. Holvo 

(i) a (cos<? - mn 2t>) : ^ h (sin d — sin *20)s 

(ii) sin ft? *!• sin H.-c ^ : <;os 2rtJ 't (jos J.'a 


68, In any triangle, prove tliat 

COS^ (a — B) -h COB^ (A — C) -h 2 cos (a B) cos (a ' ^ 0) C>OH A 

:(1 •[■ Hsiu BhIu Oc(W A) siii^ A. 

60. Bliow that if cos (/3 y) • •“* jj , tin si 
cob'^ (ft I' 0) c!oh'* {ft ■( 0) '\‘ (!()s‘’ (y y 0) 

- 3 coH (« -I* 0) cos (ft h 0) cu,4 (y y 0) 
vanishes whatever ho tlie valium of 


70, Lines are drawn within a triangle ADO ilirongh tlm 
verticoa A, B, C making tlio same anglo 0 with tho sid(vi AB, UO, 
CA r(3Bpectivoly, Ih’ovo that the aim of the triangle fonncil by 
theso linos is to the area <if the given triangle ns 

(cot 0 - cot A - cot B - iiot C)^ ; cohco'^ 0 , 
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71. A sfcatuo 30 ffieb liigli, Btandiiig on tlio top of n towtn* 
subtoiKlH at a point, dmfcant IDO foot in a horizontal Hno froiu 
tlio ba.so of tho towor, tho samo angle as that subtended at the 
same point by a man 6 feob high standing at tho base; find (to 

of a foot) tlio height of tho tower. ^ 

72. Provo that 

4. (sin 24“ + cos 6“) = ^/3 

p tnanglo ABC Ijo in a horizontal plane, and an object, 

oloTOtion of C 0 °, 45 ”, and 
° ‘‘cspoctivoly, show that AP i.s equal to 

~4~’ ^ iniddlo point of BC. 

74. P is a point inside a trianglo ABO at distances ai v a: 


fix 






sfn (a- A) - sin (/d - D) '' sin (y - c) “ a. sni « -i- y sin /f -h * sin y * 

75. If the tangents of tho anghw of a triangle are in 
arithinetical progimsion, show that tho squares of the sides 
aro 111 tho ratioa 

a.'“(rti^ l-9) ; (3+i«y ; <)(l.,.a!») 
whore to is tho hsvst or greatest tangent. 

70. Provo that 

(i) coseo ^ + ooseo -■ -l- cpsi lO ^ cot I .. . 

^ 8 ] (i 

(i i) COM H- cos ^ .|, OOH r.; 1 ^(M)HOO TQ* - . . 

77. If p ... 1 .i-nin" 0 „nd y .. i (.„s»tf, sliow that 
i^(F' + 2")-f-'Y=.27(l •i.cos^d). 

^ (3. Helve oes sin a’ --- co.s a -I- sin n. 

70. In any triangle, prove that 

(//' - «=■) cot“ ^ -I- (c“ - «») cota I (a9_ j'..) cotu J 

■“ ■■ ■ yi (« + i «) (f* - e) (« - a) (ft - h). 


25—2 
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80. Provo UiJit 

{coa (aiir^ (sin (oos"* (r)p. 

81. If tan »^A -I- tun 2A == 0, show tliiit tauA may luivo any 
ono of the values 

0 , ± StTjt). 

82. Tho distance botwcon the confcros of two wIkh^Ih m rt, and 
tlio sum of their radii is c, show that tho Icnigth of tho 
which ci'ossos between tlio wheels and just wrafjs around iliom is 

2 4 * 0 coa"’ . 

83. A hexagon, two of whoso sides are of Icmgtli a, iwo <>f 
length and two of length «, is inscribed in a oirolo of diiimoUsr 
d, Provo that 

(a^ .j. 4. c'’) d 4- %ibo, 

84. In any triangle, prove that 

cos B cos C + cos C cos A 4* 0 ^ cos A cos D 

~ abo (1 “ 2 coa A oos 13 eoH C). 

86. Solve tlio equation 

cos 3aj cos ^ 4- sin a sin y == cos (3aJ « a) cos (3/« - y), 

^ 86. Pixivo that 

sin 20" 4- sin 50" 4- sin 70° 4 cos 10" cos 26" coa 66". 

^ 87. Prove that 

sin^ 12" 4- sin^ 21" sin® 39" 4 * siii^ 48" =^5 1 4- siu^ 9" 4^ sin® i 8", 

88, If A 4- B 4- C = TT, provo that 

S cos'’ A + S sin'* A =5 2 4' cos 2 A cos 2D coa 2o. 

89. If 

sin (a, 4* y3 4- y) - cos (a + /? 4 ^ y) 4 - 2 sin a sin /3 sin y 

4* 2 coa (I coa ft coa y i ( ), 
then eitlier a, ft, or y is of tho form ^tt 

4 
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90. If in tho_< Ambiguous Case* of a trianglo Oj , Ogj Gj, Gjj; 
Pi, Pg bo rospectivoly tlio two positions of tlio circumconti’o, 
oenti'oid and ortliocontro, prove that 

20i0u SOiGg COSGO A P, Pjj HOC A, 

A being tlio given angle. 

91. In a triangle wlncli has 25 cot A < 2, show that tlio least 
angle > cot ‘ and the greatest < 90^ 

92. DEF is a triangle Himilar to ABC, and DE is at right 
angles to BC, while the vertices D, E, F lie on AB, BC, CA respec- 
tively, Provo that if a, c, are the sides of ABO tlio circuin- 
radius of DEF is 

93. l^Hininato </) and <// from 

-jt ” jA) _ _ cos (tf — </) ') 

V ooa"^ »i n-* -h b'^ cos** <// ’ 

IQ 

<nul tail A toll 

cr 

and si low that 2r" - oos’’ 0 -i- ¥ sin^ 0, 

91. Ill any triangle, prove that 

cos" A -I’ ¥ cos" B *1. ¥ cos® 0 <;os 2 A cos B (jos C 

♦}* 2m co.s 2 b cos C cos A n- 2ah cos 2c cos A cos B « 0. 

on. If A I- B -I* O >!• D sTi 0, prove tiiat 
sin (A >1- B) sin (A - B) niii (O -i* d) sin (C - D) 

- 2 [sin B sin D cos A cos C - sin A sin 0 cos B cos D], 

dih ABO is an e{juilat<n’al triangle, whoso side i.s and P 
any point on the cirouinforoiico of tho inscribed circle; show that 

PA'**-!- PB" I PC^-^ JrA 

97. Provci that tho pei’penduadars from the vorthses of a 
triangle on a line joining tho ortliocoutro and oireuincontro are 

2R cos a sin (B — C)/A, 2R cos B sin (O — A)/A, 

2R cos C sill (A — B)/A, Avli(U‘o \** ts 1 — g cos A cos B cos O. 
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98. A straight lino AD is divitletl into tlii’oo Gqiiiil p/u'tH at 
B and C; tho angles subtended by AB, BO, CD at any point P aro 

pi’ovethat 

(cot 0 + cot (jt) (cot \j/ + cot 0) = 4 cosoo^ tj), 

99. Prom a point P, perpendiculars are drawn to tlio n sides 
ot a regular polygon inscribed in a cirolo of radius o. If the 
sum of the squares of these porpendiculara bo nh^, show that tho 
d^taneo 8 of the point P from tho centre of tho polygon is given 

83 = 2(^A«-c»cos»^). 

100. Prove thafc 


(1 + sin 0) (3 sin ^ + 4 coa + 5) 
is a perfect square. 

101 . The circumference of a given circle ia divided n 

qua parts at A, Aj, Ag, A„^j ; if the distaucea of tlio 

^ denoted hy «»-!, show that 

a^a.^ 4 - a./iQ «f ^ cos — , 

.102, Eliminate 6 between 

sin 6 + sm 2B = a, and cos 0 4 * cos 20 ~ i. 

-inr/poUi^’ B, o are three mountain peaks and tho lioiglits of B 
and 0 are known to be A and k respectively. At tho ]owo.st peak 
]mi^^ o^ervecl that tho lines OA, OB make angles o, B witli a 

thiTOcVc^and CA between tho vertical pianos 

behveen fL/. is 0. At B it is observed that tho anglo 

the height Kt ^ that, 

A^/ 7 ,-?a , tang sin ^ 

tan/? sin (<^-h ^)‘ 

104, If a + /? + y + 8 S 3 0 , prove that 
tan a + tan / ? + tan y 4 . tan 5 

cot a + cot /? + cot y -h cot 3^ " cLtnn p tan y tan S. 

aain2d + i8ind+o = 0 , 
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prave tliat 

(i) S sin 01 == 0. 

(ii) 4 sin 0^ sin 0^ sin 0,^ sin 0.i (S sin sin 4- 1 ) 

.-= (S sill. ^1 Bin 0a sin 0^)®. 

lOG. ^ Provo that if the nnglo A of n triangle ABC is inoreasecl 
by Xj whilst o are unaltered, the angle B will bo iiicroaHed l)y ?/, 
whore 

2b sin ^ |c coa -i* ™ h cos 

tiiix y = ^ 

2bc QOS 


:C03 


H) 


4* 6^ cos a* 


107 . If 


and 

2)rove tluit 


^ ^ 1 H- COS 2t/j 

tan - </j^ t:=: sin (0 — a) ccwoo (0 a), 

1 _ ^2 

tan a - tail** 0 , 


108, In any triangle, prove that 

COS 2B -I- cos 2C H- 2bo cos (B C) - cos 2 (B - O). 

101). Hhow tliJit, if tho medians BE and OF of a triangle nictit 
at Q, 


tan DQC 


12A ^ 


1 1 0 . If coH (A -I- B 'I' C) -h cos (D ^ O - A) 

•l‘ cos (C -h A “ B) cos (A ►)' B ” O) - 0 , 

show that one of tbo iinglos A, B, C mnst bo aii odd inultij^lo of 
a right angle. 


111. 


Provo 

2 tan*"^ \/^ — T ^ 

V a -h h 2 


cos 


h •!• a c<is ft) 
it •(' h cos «? ' 


112, If mfp 20 ■]‘ erf 20 /a^cos 20:-^ fi\ slum timt 
fx tan" 0 -F tan" 0 ►[' /x tun 0 == 1. 
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113. If A+B-(-O = 90‘’, tlioii 

1 1 . 

c(w A Kin B -I- sin O 2 

.sin A + cos B -j- sinlj " ' 1 ! ] 5 ' 

1 — hin - 

114 . .Tf coa (ji - cos 0 = 

and sin </> ~ siii 0 % 

allow tliat coseo (0 * 1 ' c/j) ^ 

' 27mh 


115 . If 2 coad = ftJH—, 

flj' 

1 

allow that 2 cos'* 0 = ar* H* — , 

ftj'* 

116 . If tho bisectors of tho angles A, B, 0 of a tinanglo ADO 
meet the opposite sides in D, E, F j prove thiili 

4 (area of A BO) x (area of DEF) 

ACr“BF. OF 

=i raduia of tho circle inscribed iu ABC. 

117 . In a triangle ABO, D is a point in BC such (luili 
BD = 2 CD, show that 

AD =5 

118 . Tlio sides of a triangle arc in Antliiiud-i(jal Ih’ogrcjHHion 
and its area is four-fifths tliat of an equilaloral triangle of ilio 
same perimefcor; show that tho 8 ido.s of tho triangle ar<i ns 

7 : 10 ; 13 . 


119 . If a straight lino of lenglJi p liisoot Llie angle A of 

a trianglo ABC and divide tlio base into two parts of lengths 
7 n and ?i, pro’S'o that " 

2)^ z=ihc— nm, 

120 . Show that 

+ tun-' ^ , 

3 ' 



M i!!t N 1 ;< II ts j:\ am i’iaim 


3 Vf 5 

llM* Snivi; 

nil!'’ 'AT 
{'WA:\y .,v‘ 

t) i:l ( lin iN'Ijt r<M ►i iMtlUil JMI 

juii^li d (i jiiiijiiii uttJ AO i:( In uu*v\, HO in I), ulinw Uiati 

oi) 

ti) 

l;.M. 1 1 lliu iii’.i’i iln <t ril i'lo <.j' a li iiLiijtli' AIIO Idiii'li tlio wdofj 

‘>i* ^ 

lU'j <rA, AH ill 0, r, I', [>iiivn llialr Irui ADH ^ ‘ ' wlinni in 
JvnIiuM nf fhn I 'lriilirH rir.’In wliii h tnnrlnvi HO, 

1»M. lliiif Oii> raWiun III' llm I'imln wliirli loiinhns tlii> 

All, A(i 1*1 fliM lriuii|«ln Alii* uml hImi lnni*hivi Ihn inKc!ril>[i^7 
nirrln in 

A 


1 jnii 



I'^b. ir in (liM iMiiliiHMHiin rn sK llm un n. nl' ihn Iniirnr l-riunglo 
ill ilniiliiit iliiit III' Out niimlliM*, hlitnv |)ml. Iltfi liuiHinili nl: tmo of 

llm iunti'' i llm \m .o in fliit n (iumn lliml. nf llm nIJmr, 

(iiiiiH' i loiH rlnin hi' (Inn ?1'»1 )*', 

!*5i. hinlm n 1 1 Mill I ti* MMivifHi M'lirnmiii 
n 1 }{^# \\) 


i» I liii (i 


i nil oO 


1*1 


tnu'V^ 


_ , 


I'm’. It luil[|M;»(n I f7^)| miM ///, 

jnii\ fT iliai , * (I tan I A’)j. 

I ' _ J, ‘ f. I - (,« ■! ... 
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130. H 

a; 

''^1T'T2 

show tliat 



'1 li 


3‘ 


'V 


t 

4 


-!• 



y being numerically loss than xmifjy. 


131. Provo that tlm length of a i>la!»o are of small mirv/i(.ui-o 
is approximately 

W + 2fiGo" 

45 ; » 

wliere c — the chord of tlio arc, c* ^ tho chord of lialf the are and 
c'* = tho chord of quarter of tlie arc. 


132. Provo that 




►h sec' 


o^tt „ 57r Ytt ... 

5^ sec« 40, 


133. Draw on squared paper a grupli of tan 1 3 9iU l* 1 

for values of x botweon O'* and O'*, and thus sliow that tho ex- 
pression vanishes 'whon w=5'’»9. 

134. Provo that the oliminant of 

sin^d^ 1 coa^(/> sinV> 

^^3 ^'5 i ^ ^ tan 0 tun c/> : • 

is rtV-«V“-.0. 


135. l?rovo that 

log.D-log,d = i+-2A, 


A 

3.5^ 


*!• 


1 



AIMMCNDTX T. 

SI:\ i:n Kiunuh) liOtlAIUTUM.s. 

I'Hii |>Mi il. inay Im iH't'rHMury to olilaln k 

iiiMi,* a.rniiH4« iviuW than hi with -1 ln*(nri( I uum. 

W Ju'!i fhn l.t-iuriilkMi i»i a iioinlinr hii(Av<’kui 1 anil 1()0,()(H) 
U lh<- \alua may Im wiKJom ilowii ii(i oriro fruiii tlio 

Talili ns 

laal»(aln Mio Wo Inak for lUt) ft rrj, /oar tll/JIlKll’an li 

i ill tin’ Ih ^tti rMitiiiiii aiiii uloiij' |.)io 

flu till, a till! iiiHalisa' ill that, parfirtitur i-alinmi liriMliul liy tlu> 
Jipfi l*h«nri’ ; fliitv ^r(vr‘i tint lint I of |.|ta innnlhina^ ilu> 

lii tt. »l » iii'Mo'j alitaiiM'il fiotii tho rnluiiiii IioimIimI liy (), 

A l»ar p))H *’<l tivrr flu* hist. 1 ilij'itn hii'i Uio muiio hif^iiilhraiHio 
ui ill Alt. liV, anil iiMii<alo?i Miat, Ilia jiml, il tli/^ilo aio oliliuiiotl 
hMin a iiioM »4 in IojuI nf a |M'ia riliri|| )iiio« 

l*5Xi 1* Inii'l I ha liJi.'at iMiiu of *4tl’i!tll)4 

\\\! U\ r \y lull, naf, tha oav rMaljMiiina -tli^!^* (n (,ho fin'll rultinm iiiul 
m Hi hi Imw } ''h-'f. I ha iiaiahiT hy Ihii lillli t'ij", urn il. Hlila I’ivaa 

l-ii' th>» -I 0;>'i|,aitf| fha lUat il aid tilij* Hilii'O tliufo lira 

:,l il;.|ias I (m Ilia !. It, I.f rtiM ilaahart) jxuiit |h llio nnjniial lUlluhori it* 
lalha', 1 ! thi»f, I ha r )*!0 aat*o jiil 111 In I, 



M 

n 

A 


^ ft 1 ) T 

M 

1 ) 

Hi IT. 

p',n 


Hi 


'Ml 1:1 

v<.>i iini lairt 

Mill 




i-:o 

r to 

* 1 . 


'H,.t J'MO fviU HKii 

in.'u 

lUir. 



UCI4* If fliif oiiiiihar wliaii* tojianlhio hi rnniilnil muitniMH 

IM0|*‘ itiiMI (t Il5(illr i^ Wit lu^vn |o liinloi tlno nf iho a/* 

iMol lld^ noltinui i»f hillio'fUiri'fi oji iJm r||j(hif 
af t||n'ra1i(a 1 m inuijo y oiii o't iiiatidl fmiition* M'lliu ruin id ilui,l; fot* 
’iiM'ill *litlhn M»’** ’« i«*!^v a?;fs ia f/to iojfnnfhtfh tf/' ft uiihtftrr f>*/ 

/a fa (h^ iMrfva?<a 0/ Ma 
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[AIM'. 


No. 

0 

1 

2 

3 

4 

5 

G 

7 

8 

0 

Diff. 

4071 

0001019 

4102 

*1285 

4378 

4171 

4501 

4050 

17*19 

4812 

4935 

D.S 

1 t) 

2 11 J 

72 

5028 

3121 

B2M 

BS07 

5100 

5103 

5580 

5071) 

5772 

5805 

3 2H 

4 17 

5 *17 

0 m 

73 

5953 

6051 

Gi-n 

6237 

0330 

0122 


0008 

0701 

0701 

71 

6887 

6080 

7073 

7160 

7269 

7352 

7445 

7537 

7030 

772, 3 

7 ro 

H 71 

73 

7810 

7000 

8002 

8095 

8ias 

8281 


BlOO 

8559 

8052 

n bi 


Vi'om the table given above 

log 46718 = 4*6694842 
log 46717 = 4*6694749, 
clinereuce for 1 = -0000093. 

The above rule gives 

difT. for *1 = cliff, for 1 = *0000009 (correct) to 7 places), 

» y> -*0000019 

a -3 =: „ = *0000028 etc. 

It will be seen that these terminal figures 9, 19, 28 oto. are 
the same as the figures in the Differ enco Column, which may 
therefore be used in future instead of tlioso obtained from tlio 
above calculations. 


Ex. 2. Find log 4673*8723. 

log 4673*8 3*6696701 

diffor 7 65 

2 1 
3 

. \ log 4673-8723 =3*6696768. 

Ex, 3 . Find .v, given log a'= 3*6697402. 

log 3-6697402 
log 4674-5 =3-6607362 


9 

28, 


dtf.for 5 


4674*553: 


50 

30 

^4-074553 xW. 


w mantisaanoxt bolow that given, 

8^7352, and noticing that the next mantissa is *6697445 and tlio 

bfaTf diflfoi'ouco column Cm 
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'I 


Ex, 4, 


Fiiul Hill Vallin Iil'( 

liij'.r } 111;' 


lii|' 

fi‘1' V l:!'l 

r, » 




I'llllHHIII 


1(1,; H 

lii;i 

,/w: ,/•(»■ V i:tv 

liili 

» ind 




;!:iUVVM X Id 


Ex, 0, I'iiiil Hill viiliiii (if 

n'tWtiHVy'v l’ 

HUDV -ft;! 


|iij(.rr 1 11) In;! •«iiiriHV.i Miii;fitiV li;! 
!t 111)! 'tuiridv . , iV'!:tn:H«);5 


l.i)!H;t'|)7-log-62j, 
111)! '0241242 

1(1,! 'riaiiT '7100033 
r'6401275 


li)ii'!llil I)'i)l3 
I■>;!.l• a-llSHIi'HII) 

111)! '(tii7vv(i • a'SHitianvft 

11 

li 'H 


iKiVV^i^x nr 


230. Ill Y Min Hum niul iiomnos are given for 

fill Jiiif'lri ImiMvi‘ 1‘11 O’ iitiil 10“ ai- inlnrvjMnnl: 1 mmute, difference 
iMihiiniMi iH'iiig jiruvidril fnr |,lin KiMioiultt by means of 

tlin Uiilii Ilf l*r<i|niiMnji»l rfii’l!!. 

UaMim Ilf Hii^bvi laihvnoa <01 ‘ mal SH)" ri 4 i| ijii found by reading 
upwanln from (lii^ boMnnk nf ilio 
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[Apr. 


Ex. 1. Eindsin 29“ r 

From tliG tiiblea, fiin 29“ 1':= ’4850640 

diff. for60"= 2544 

increase fov 551 

sin 29‘‘ri3"^ *4851191. 


2544 

1 3 

2544^ 

7632 

(i0 )3;l072 

551 


Ex. 2. Find cos 29“ 4^34^ 

From tho tables, cos 29"" 4'= *8740550 

difF. for G0"=! 1413 

deoi^easG for 34" ^ 801 

.*. cos 29“ 4' 34''-= ’8739749. 


1413 
^ 17 
1413 
9891 
30]54C^ 
801 


Ex. 3. Find tho anglo whoso cosino 
From tables, cos 29“ 3' =* ’8741963 

cos ’8741742 
,*. difF.« 221 

Now diff. for 60''= 1413 

.*. req. no. of seconds 

141o 


is ’8741742. 

9’3 

i4i3ym®"* 

12717 

5430 


=9 (nearly) 

.r=29“3'9" (addmg,BmcG 
C03.^'<ct>s29“3', ,*. ^>29“ 3'). 


Naturai, Sines, CoaiNKS, j-yro. 
29 D2g, ^ 


' 

SiiiO 

Biff. 

CovorB. 

Chonl 

0 

■isieooo 

2544 

2544 

2513 

2513 

2512 

516190-1 

6007000 

1 

4850ai0 

514K100 

6010110 

2 

485D181 

6146816 

601,3232 

8 

4855727 

6114278 

601G048 

•1 

C 

4858270 

4860312 

61417S0 

5139183 

6018801 

6021080 

GO 

6000000 

2519 

6000000 

6170.380 

' 

Coaitio 

Biff. 

Vers. 

Co-Choird 


Oo-ChoKl 

Vers. 

BUT. 

CohIiiq 

i 

1 '0160708 

125TO 

1411 

1411 

1412 

1413 

1413 

8740107 

(JO 

l’014a2Cl 

1255214 

8744780 : 

nu 

l'014675i 

1260025 

8743.076 

m 

1’0148247 

12580.37 

8741003 

m 

1 '0140740 

1250460 

8740050 

m 

1'0188233 

12G0803 

87,30137 

m 

1*0000000 

lawio 

1464 

8000251 

0 

CliovA 

Covers. 

Biff. 

Sine 

i 


GO Log, 



I] SKVEI^ FIGUJIE LOGAUlTilMS ' SSI 


236. In tliG casQ of tangents, cotangents, secants, and 
cosecants, all values aro given betwcon 0® and 90" at intervals of 
1 ininuto. 


Ex. 4- Find tan 40^* 1' 13". 

From the tables, tan 49*" 1' — 1 *1 510445 

diff. for G0"= 6765 

wicreasc for 13"= 1466 

t!in40'’r 13" = 1*161 1911. 


6766 



6765 

20295 

60 )87945 

140G 


Ex. 6 , Find cot 34" 58' 1 7". 

l^rom tbo tables, cot 34" 58' = 1 *4299178 

cliff, for 00"= 8852 

ftomwforl7"= 2508 

. *. cot 34" 58' 17''»^l‘429Ge70. 


8852 

__J7 

8852 

61964 

(10 )150484 

2508 


FTATUuAri Takoknts, 



40"" 

00" 

51" 

52" 

53" 


55" 

' 

0 

riocwflfti 

1*1017550 

1*2518072 

1 •2700110 

1*9270448 

1-9709810 

l'428HfiO 

00 

1 


1*1024570 

1 •2050810 

1'2B07001 

1*9278189 

1‘8772212 

1*4200320 

09 

a 

1*1517210 

1*1031020 

l'm%72 

1*2814770 

1*9280521 

1 *97^^X172 

1-4200178 

03 

m 

i*ioi7r)Ji« 

l'a'n8072 

l-27001ia 

1 •9270148 

l*fi703810 

1M281480 

I*4fl25ni0 

0 

t 

1 

89" 

38" 

87" 

80" 

35" 

34" 

r 


N A'nrii ATi Cota kgknts. > 
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Loyarithmic Sincs^ GosineSy etc. 

^237i ThesQ values are given for all angles betwooii O'' and 
90 at intervals of I minute, difforenco columns being provided 
for the seconds, and the Hule of Proportional Parts again being 
used. 

Ex. 1. Find Xsoc3;r P10'^ 
li’rom the tables, L see SS*" 1' ^ 10*0704007 

difi: for 00":=. 821 

for 10"=« 200 

Z SCO 33" r 19"==: 10*0705107, 

Ex. 2. Piiul ,Vy given that Zcosoc.^’= 10*2030425. 

From the tables, X cosoo 33" V - 10*2030008 

dia‘.= 543 

Now diOT, for 00" « 1044 

req.. no. of seconds^— 

1944 

=17 (nearly) 

. *. ;r=33" V IT* (adding, since Zcosec .v<Zoosoo 33" P, . *. a*>33‘’ P). 


10*7 

1044)32580 ' 
m4 
13140 
110 04 
14700 



LoGAuiTiiMicj Sinks, icto. 

B3 Peg. 

' Slno miL Coaec. Tang. DUr. Cotang. Recant 

0 O-T.'HUOSa 10'20g8!)15a fl*8l25m 10*1874820 10*0701088 

1 0*7303032 10'2606008 0*8127030 10-1872001 10*0701007 

2 0*7301070 10*2035021 0*8180701 10*1800200 10*0703728 

^ Coflina I)Jfr, Secant Cotang. DllT Timg. 


Coalno 


0*028301-1 

00 

0*0285008 

50 

0*0281272 

58 

Slno 

1 

1 , 

i 

55 Dog. 


Coaoo T). 




I] 
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J5XAMPLES XLIX. 

Find tlu) valuo of 

1. 1278-4 X 9270-4 x -80051. 2. -005271 x 7-329 X -00082795, 

3. 827-032 X 51-82 X -0079850 4 X *002897 

12698-'22 


5. 


7. 


8 . 


£>7-08^X -0029_OT 
421 X -070825“ • ' 

rr)2;478 x -002497'] = 

L J^-b02!)8W J ' 

r H5-9781 X -002478 x ■i(-8275n t 

L J 


82057-9 X -02981 X -72450 
•006528i)7 X 82470 


0. 1729-riHinl8"17'xcoHl9*’18', 

10. -0025879 tnn 42*’ 15' x see 09° 14'. 

11. Hill 18“ 14' 57" X tnn 51° 20" 20". 

12. (-0870)= coHco 55° 17' 10". 

13. 13-8297 X \''82-00i)2 cos 47° 15' 10". 

14. ^ X '0008250 X /7825-(j cot 18° 14' 50". 

-02987 bill 10" 15' 40" 
v'5298-75 wwoo'i'h" 17' 20*' ’ 


15 . 





APPENDIX 11. 

TITK S1.ID.1S RULE. 


238. Onb DioUiocl of Hclding iogothor lengths is by the use 

of two rules placed side by side. ______________ 

For instauco, if wo wished to add , , | ) . a | g a] 

2 and 1, 2 and 2, 2 and 3 etc, wo ^ ^ - ^ ^ - 1 

should place thorn as shown in tho diagram, one rule over- 
lapping tlio other to tho oxtonfc of 2 divisions; underneath the 1 of 
Iho top rule wo find tho result of 2 1 ie, 3; imdorncath tho 2 

(jf tho top rule wo find tho result of 2 4- 2 io. i ; underneath tho 

3 of tho top nilo wo find tho result of 2 n- 3 i,e. 5, and so on. 

In tho samo way wo can subtract, If we wish, for oxamplo, 
to tako 3 from 6, wo movo tbo rules until tho 3 of the top rule 
coincidos with tho 5 of tho lower oiio; the result of the 
Hubtniction, viz. 2, is thou soon under tho loft-liand ond of the 
top rule. 

239. Tho Slido Rule is an instrument so graduated that we 
c/iii perform multipli<;atiou and division just as easily as addition 
and mibtraotion with ordinary rules. In order to iiudorstand tho 
pi’iuoijdo on which it works, wo nun’oly Iiavo to romombor that 

log aho « log a log h -i* log e 

and log I log a - log 

ix. in dcniliug witli logarithms, multiplication is replaced by 
addition and division by subtriiotion. 

2d;0« JjOt two nd<?a be graduated with unequal divisions bo 
that tlio (lisbincos of any two graduations from tho ond of tlie 
rule are not jiroportional to tho numbers on tlioso graduations, 
but proper tioiud to the logarithms of tho numbors. 


. r f ”ri 'r-ri^TTTT 

M i-5f va 1-4 1 

rrf TrmjnTrTTnTprn' 

1-5 ' 

2G ' 3-6 1 4-5 

1 2 

3 4 6 
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Tho distill CO from 1 to 3 is not twico the distance from 1 to 2 

but 

distance from 1 to 3 log 3 *4:771 
distance from 1 to 2 ^ log 2 *3010* 

Since log 1-0 

log 2- -3010 
log 3:=. *4771 
log 4=:= *6021 
log 5 = *6990 
log 6== ‘7782 
. log 7 :=. *8451 
log8== ‘9031 
log 9 = *9642 
log 10 1-0000 

it follows that, the distances of the graduations 1, 2j 3 10 

from the left-hand end of tho rule are proportional to tho 
numbers in the 2nd column, bo that 1 is placed at tho left-hand 
end and not 0. , 

Intermediate graduations are obtained by a similar process. 

241, Suppose wo now wish to uso two such rules in order to 
find the value of l'2xl*76* One of them is moved until the 
graduation 1— called the over 1*2 of the lower , rule j 

then looking under 1‘7C of tho upper rule wo find tlio product 
2‘1 on the lower rule. Tho reason for this is that 
Jog 1*2 =AB 
log 1*75= BO, 

.*, log(l'2 X 1*76) =log 1 *2 + log 1*76 ’ 

= AB.f BO • 


^ AC 

= log 2*1;. 

*\.l*2x 1*75 = 2*1. 



D 

1 1 
— 1*— 

2 3 4 B 

B 7la 9 2 1 2 

. 1 . 1 V 1 . j , 1 11 

L 

1 i 

^ 1 
> 3 

j' 1 ^ j ' 1 1 

4 B 6 7 8 

* ‘ ' ' * 

9 2 ll 2 

1 


21 


Similarly if wo wish to find tho value of , tho top rule is 
moved until 1*76 on ib coiiicidos with 2*1 on the lower rule, tho 



ijunlirnl, \ ^ly\ (iit-n rr;ui iilVoii Iho hiwor ruin 

llm I minx ttf |1 m« hut ritli', . . 

* wT ni O D 


242i < > 111 * t«\l ininily uf a Sliiln 
Unli’ Nvilh ;;iniin nl‘ l^nuluai ituiii 

itmilii**! i;i liliMwii ill Min ilitiji'niiu, H, 
will Ik’ iinliii-il tlml. Miorn am fnur 
jirali':*; A (uul () )hnii|( nn tlin Kiiln 
ami II ami (5 t»ii llii» Sliiht, Mort'nv'iU' 
A aU»l II am i'iailuatv<! in fhn jjaiun 
way, ami C, ami I) in llm aaiim Nvay, llin 
ili Jjimn lii-f wiM’ii any Iwn nunilmra tui 
U iW 0 iMUmi; twii-n aa ){i'*'al, aa llial. 
iM l vvmn thn I'ni'ti- >|M)iHlirnf iininlnaa lui 
A or n. Th>- r'ar.>i»r, K, in a maf jui)[»ular 
fiamn willi a /jlii.m fnmt on wlimh in 
riU'taVi il a )»1 (m U lilin at ri^*lil, uiij'ln:* Ut 
tlin |nM}»(h i>f thn Uuln ; tint iVainn In 
imuln to in 

340. 

Kx. 1* l‘'in»l tlm valtn* I im| >; 1 * 71 , 
llm imlf'-k (tin* I ) of* I h*» < # n«'aln nv*‘r 

I INI i>}\ ( im t) f . all*, 

'I'lm pnxlm t ia tlnm ojl* an Iho 

II Ti'aln nn<l'n’ 1 V I **11 Ih** O n^ al**, 

Kx» 3* I’imi th«^ valm» i*r tl'llx *Vri, 

1*1^4 in:.* Ih** It'H h'lini iminx of tlm dr.ialn 
nvm’ Mil tin* 1) ii» al** wn liml that, fi fi on 
thn n i i oil' thn vuln. In a ra?n Him 

fhi t un ivtm thn lis^ht haml iial»*x of thn 0 
f'i .ahi ami j*ln» M if, ovi r ’,5‘JI on tla^ I) Nry||n. 
fh»ni nmh'r »rh **n th»» t1 Ihn pi'iHhaai 

Ivj tia ja iv nl *’M *»n tlm t) fH'nlo, 

*1 hn Imotim r iiunAnms )iy l*MiUln}j 

lit, tin* lain, ttial, thn Ja it, |0iH|urt, nliouM 

I ‘^’ti I ; ilr i i f hno'hnn r»-ry (n 

/oo/ //h> > • f iinnf, v»ni^7« M’llln 

I » it tfonn hy )'|*|ao«iiiiiiitin}^ j in Kx, \\ Ihn 
jiohIu* I i I Js|i|aM\iiMnt*'ly V H Ti ? hhiml thnlio 
join tin* an'iWin iiiii'a, Uy ami not. l illlo. 
huh » '.’jll Imvo rnt* U* i^ivnii hrVnallnr In 
All, 

In wmhin^ t*\ainptn'i oti roiiliinmil 
niHlli|'llrai i'Oi* thn (‘ntfior in of |.?n*al, iinn, 
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ELEMJSNTAuy TIUQONOMETIIY 


[Al-P. 


Ex. 3. tho value of 1-2 x 1-8 x 2'S. 

16 ° over 1-2 on D, thou jnovo tho cursor till 

13 ovoi 1 8 OU C, tho piwhiot of theso two mimbors is then unrlor 
tho cursor. Wthout i-oacling off this product, again move C untU its 

D undcV^ on*o° pt-oduct 4-07 is road off oa 

Ex. 4. Find tho viiluo of 2'1 x 3’0 x 2‘4. 

of C over 2-1 on D, tlion move tho cursor till it is 
ovoi 3 9 on C ; tlio iiartml product is on D undor tho cursor. 

If now, ns in the last example, wo again move O until its loft-hmid 
indax 13 under the cursor, wo find that 2-4 on O is of tho rtdo. All 
that ^0 have to do in a case of this sort is to inovo O so that its richt- 

on'o under 2Von O.* pi'oduot lO-SC is roncf off 

poiiEs rgKi,]' and thoroforo tho decimal 

Q 4 4 . Division. 

Ex. Divide 21 by 1-7. 

is ‘'I' *!'° quotient 1-236 

IS tlion load off on tho D scab undor tho loft-linnd index of C. 

used hSoiif ***° "KliW'wid index of C is 


SS 4 d t Proportion, 

To find 0116 tomi given tho other threo. 

— 1*72 ; S’TW : 3*49. 


X 

1*72x3*49. 
8*7 


Hero obviously 

n ^ placing 8'7 on tho-O'scalo ovor 1-72 on tho 

^rifn i!i-r 1 it is over tI}o right-hand index 

o, off the rub) of tho C scale, ie. ovor tho 

quotient on tho D scale. \ 

so tW uTiIff? and do this by lining tho 

•is i-/.nrl i®iW>and iiidox is under tho curaor oiicl tli^.flnal val 
3S icacl oir on D under 3*49 on C. \ 

It is found to bo *09. ; 

j^Tho valiio of .V is approx. = | = -06. J \ 


0 scale 
valno of a 


Titi: si.iDi: uiM.i'! 




:»«!) 


240. 

IJx. 




I’ iinl ! ln> nf 


\V V.\ X I 'Vi! X V'ii 


liiviilo l>y !*y li’ l;! <'ii f)in 0 nviT '.I' lH <ni Mio 

t) tint i|Hutn-jit i?* nh tlm 1) rr;iln iiiulnr Ihn vij'hi- ImUtl iiuiisX nt* 

t litt ( i 


Mtilihily I'v t Vii l*y moviim tho cmmu* In l*Vi! un Wus O mmlo* 

Mh’ i > »>ii Mir’ 0 '('all? lUnlt’J* (hn riii.iHr. 

Divliln I'V I»y iimvliiK l lttt O noillt) iin Mi/d. V/ni) tm O juniIh 

j;i nil* it u' ilin rm I'lr ; ili** »pn>t ii’Ut. it i*ii Min M nr.nln nmlm* 1 1 in I'ii'lilvluiuil 

Mi't'vv »'i‘ t lilt M 


MnUlply I’v V d l»y moving tint ntmior In Vd nu ilm c lunln; tUo 

if) nu fill’ M r t Jill- tiinlnv tlin nin mr, 

I)ivi<!d l‘> M VI In innvhiK V, (train .'f? Miid, tvyi nn ihn O mi\h\ 
In Mlitlnr Mn' * ui' ; flm (inal In nu Mm I) iirajn inidm' UiH 

ijv'llt. Iialiil ilult’H nf Ml*' M 

‘I'lm limil H 'uh 11 y I >!. 

( i’ 's ft W'A ‘ I 


,'•<1/111111:1 mill Sllttlll’ll It'llllfll. 

a47 » Mini n Milt ilitihiiiri* IVnm fim hninx li* uny 
rill Mm IV ill n ! ’ i|n ilimlijn Min i li;tlntit<n IVniii Min linlnx In Iho 

f-aiiMt inn nii tlm A nr \\ isruln, il. t'nllnwii Miuli if finy 

iliaf sUh'tt nil tlin (• nr M nrah' if'prranul’l ln/![ l iiM natiin 
MU Mm A ni H 't lin injin .nurt !!lM{'ii'ur tu|(rir\ 

^riiilii iilinvit iUiy jn|( nu Min M M’JiLtn will Itn IiiIIImI il)H 

• nil Min A !(*'u!n. 

Kx» 1 « Muil f Im r.^iumn nf I’ ll'A 

fliM r»M ” 1 ' ttvir V!':!V nu Mr? \) m'aln; it. will Mmu l»u fninitl 

4*« |t»t MWi'V n'ln nu Mm A 
^Dmi 

j A Vidnn i ‘ " ^ 1. 1 

W*X» Ui I ffrl Mm iii|Uinn nf ‘i- 

j’lnif fim »’tu ;*-i I*v'r nil Mm M a*ikln, if. will Mnoi Im I'nmul fi> 
l-n iivi r nil Mitr I* il. Iialitl A itn. 

, \ j’,7^ iV’ :M(KHIv M'lif 5^5 Ml*, 
vuiii'' j i IfiiH . - IfM), I 
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248. In finding squaro roots, tho following rules dotermino 
wliicli scales to use. 

1. If the numbor > 1 mark off periods of two digits from tlio 
decimal point to tho left, and ascertain Jiow many digits aro loft in tho 
liiat jieriod marked : 

If the number < 1, ascertain how many significant figures there 
are in tho first period to tho riglit of tlio dooiiiml point containing 
significant figures, 

2. If this period contains one digit, uso tho left-lmid A scale 
(since in this case the first figure of tho square root cannot bo greater 
than 3, and must therefore bo found on tho left-hand half of D). 

3. If this period contains two digits, use tho right-hand A scale. 

Or, if tho numbor bo written an a multiplo of a power of 10, then 

i. The left-hand A scale is used if this power is omn \ 

ii. The right-hand A scale is used if this power is oddx 
e,g. 77‘5 5^7*76 x lOh Use tho right-hand A scale j 

'OOOVfiV =5 7*67 X 10“'^, Uso tho loft-lmnd A scale. 


Ex, 3, Ifind the square root of 77*6. 

Hero thoi’o aro an even numbor of digits in tho lost iicriotl marlced 
and wo thereforo uso the right-hand A scale. 

Place the cursor over 77*6 on tho A scale, and it is thou over 8*8 on 
the D scale, 

_ Vm«8*a 

[Approx, valuo ^ ~ 9.] 


EXi 4, Find tho square root of *000767, 


Since there is one significant 
significant figures, tho left-hand 


figure in tho first x>orind containing 
A scale is used. 


PkoG the curaov ovei- '000757 on tho A soalo, and it will thou 
be over *0275 on tho D scale, 

. *. \/’000767 «= *0276 ^ 2*75 x 10“2 
[Approx. valuG=^*0000 = *03.] 


Cubes and Gube Jloots* 


249. Plaving seen how to find tho 
meiely liave to multiply this sqiiaro by 
tJius obtain the cube, ^ 


square of a numbor, wo 
tho numbor itself, and 
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cuk Hi.iitK 


Ex* 1* I’iliil f iiMi-iilKi of 1 M‘;'. 

>*'" I'litiil of O ot.iio..>iti) H I :! oil |)| III.. iiumlKu* , 

tliii A i.iviln iipjKi.>if<i {JiiH iikIpx Im ohviiuiMly tlin Hqnarimf ll l'ij, 

Noiv Ii>iilti|i)y 1._V 11 1':! H!!;iiii, I>_V looluii!' 'll. 111., iiiiiiil.i.)' on blitv « 
1 . ,i1.i .ipjA, i|i.> I i i ;! ,,ii till. II .||•llll. ; wii fniil 1 IDIMH.IO . ; |••|!l y 10". ^ 

|A|.pi..v. viiliioi 111)' .i;i;i| U)i, |(Hr| 

I’or |||,„|:,, Al l, jjj^ 


350. liv 

li|‘1 iHPtVf'l 

♦ .t< A M-dp 

nn fl 


ri'vpi tiijp tliiii |inh‘r:i i wo M’hiv Hlid 

Miihl tl*(* ntitiiJn'i' Oh (ho l( umlor tho 

tho iv\ fho iiuiiil>or oil Mm D 


Tin. r..lloivii.|; nil.vi ,i,.|..| ,„iii.. ivl.i.'U ..f III.. lU'iiln.i on A niul EJ 

to hn h '( ^1 : 




I, 1 1 fho luMhl'or >1^ thurk oir of it frotn 1,1 

Ml I hoiO [Hiiut lo (ho loff. hinl h.Ti'oi lJHH }iM\v inuny ili!»il.M arcs 
111 (ho lift inhiHfl iiijivlh'-l. ' 


:V iritio iihiohi.r ^ I, jo<*'oi(!iih Mio nuMilairor itlr.hilinuil; in 

MtM Ih .f y vuA of ;i ilistil I, ophtioiuMo ninin':!, I.o Ihn rii^l i i- 

fhoih, iih fl |)Hih(, ' oi 


if, U fhhi l ohlhitm iijuf urio loll.-hmni iif A and iort^ 

li'iiol ol M. 

I, U ihhi ♦•oiihil||.| /Hoi/iVf.pi )vn\ rlo|if,.)iiinil or A and loTi 

haiol of It. 


M. If thii |ioMop| iMjifaiiiM f/ovi? tiHo n/:)il liaiul of A ftinl 

I h OhI of Ih 


(h o;^oii, if Mio rmthU r wriHou mi a inuHiplo of a )>owornr *it> 
lloH ‘ ^ 

j. If thi i |.ov.ih‘ i I II thnllijilo of il, \in\ (ho li’ff liaiul of A iiikI 
h ft )i omI of M i 

li M lhi;i jHiWi’r hi I ii iiaitMiih^ of it, lino Mm rk^hl.-haiid of /\ 
Mol h'H 'h:Mi‘l of ft J 

iih II tki'i i^ovor ia tk| jO}ihi(i|ito of it, iiMM |.)m I'hrhlr hatul of /\ 
{Mol I i'^rhy liohi| of tl> 


EXi 1 mmI Mim i iiUi tiLMit of ilHth 

do' fVoiH Mm iliH ihiJil jioinf. (n |hn loll., Mio JcuhIj 

I t'«l I’OnhMii i (i:ff iiitfffii, 

'I to lotrijo ioi»! (ho ih’lif liuMit A H*alo ami Ml hiMul It hoalo, 

'I tio ♦ hi Hvi r itil'h MM Mio l latinl of A aial Uio nlitlo 

no 4 »d lo Mio ih^hl iinlil fho 111110)^^* on Mm ioil. hmal of n umkii* 
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KLKJr I'lNTA IIY Til 1 GONOfttKTJlY 

oiu'sov is fouiul to liQ tho Haiiio aa tlio ininibov on D lU 
indox of O. 

Wo thiiB obUin ^ 

[Approx, vitluo ^27 :=::: 3.] 

To fmd ike, loifarilkm of a numhi-^* 

2B1. Movo iilu) hIuIo until tbo index on C 
nuinbor on D, tlnm turn tho wholo Blid(M'nlo ovoi 
number on tbo middle mt of gimluafcions (rtnuliii^^ 
loft) opi>OHito tilt) bluolt iiui.i*k iu tho notch, 
jnuntissa, 

For altornativo inotbod, hoo Art, S57, Ex, ix. 

]Gx. Find log 3, 

!Movo tlio fllido until tlio loft-hand indox of C in ovor 

Invert tho alido-rnlo and *477 m found oppoaito tlio 1 

252 « Ilnlafor detormminff t/w postltoii of tho 
pYoduGt The number of digiu in a product is the nai 1 1 
tho digits in tlio two factors, if tho multiplicatiou in 
tho alicle projecting to tlio loft j wliilo it is one Iohh if tl 
to tho right. 

If tliGvo avo more than two factors, tho same 
cesaivoly applied. Thus tho sum of tho digits of 
is obtained and I subtracted each time a imiltipruvihif i 
with tho riilo to tho right. 

N,B. If a nuni])er >1, then by tho mmher of 1 
number of figures to the left of tho decimal point. 

If a number < 1 and starts with cyphers, by tlin in 
wo moan tho number of cyphers coming immcdiatuly cl I 

Ex. To And tho product of 2*4 x 3*7 x *0059. 

Place the left-hand index of O over 2*4 on D anil ii 
to 3*7 on 0* [Tho slide projects to tho right,] 

•0009 by placing tlio riglitdiaiifl indox of C under il in t 
oir tho liiml product on D under *0090 on C, [Thu Hlitlti 

Tho final product gives tho figures f>24 and wo liCL'^ 
whore to put tho clooimal point, 

^ riio nuinhor of ihgitJi in tbo original factors is 1 '■!- 
this wo liftve to subtract 1, sinc^o ojto multiplication wit^-i 
tlio slide projecting to tho right. 

Thoroforo numhor of digits in product is -J, mu 
tho product is *0924. * ■> 
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Tilt; Ki.iiH': ]{iTi.K 


JJ!):} 

363 . liii/'i /oi‘ ///.f iHKiitioii <•/■//, ii ilmtmol wuH in. 

tf ijlffttfttilf, * ^ 

'I'lm iiiiinlx.i. ,,)• i/i./if:, j,, „ j,, ||,„ ||,„ „x, „f (Jit) 

III liiii.it 1 111 i.liiMliviili'inl livin' Miiuiinnlii'i' in llitMliviiior, ii' Um 

i.i'li'i.' lil'lil* ' * *" '*■ 

Kx* Oiviilo r. liy I ill;?*’, 

I ,111 (, ,,viT fi'Ol i»ii I), I'TJup (i 1 i(]M j.n I 

luMiunft.’hri ITpi'ii; \n l)ii>ti Iniihil lUhli^r Mio iiiilnx oC O. 'IV) 

wn Jliul, i.y (lin nlnivn villrs 

Hip nutnNT nl in rliM Ut lio 1 • ( |).| ] U 

InHt tjl|ii| ii'iil htn'Ii. 
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V- )'.! I'V nil. 
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•1 1;t:. My ’OM 


iV 

(lli:» liy O' l. 


uy 

liiiMi 1.V 'iilV. 

Mi 

■;«lll ]iy •()()'/;!. 


I Mill II 

in \ nliii* ni' 

ill 1 1)11 toUMu iin* I 

'*|iulI imiH ; 


1 n 

V;! l : 


la, 

5il’V : .1^ ••OiO 
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1 i. 

.r ; MMI V^!' 

11 i H i '*\ 

m. 

IV-a : IfVM nr 

I iia-v, 

I'iini Mm» \fMMn I'f 





Ul 

r. HI M 


17 

laVTix-lOiix 

Ml 

v a 1 I M * 


1 / ■ 

TiAxim 
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;>a u hvmvi 

: Ml 

If 1 

IV MI 5 

^ Ui’i' l 


i\ nva 

mo * 


X IIMK ri 

IH-iM ’ 

V* K 

I’iu*! Mill f 

i<p|iU»vi (1) 

10 a. 

(ii) 1KW‘A 

(Hi) mn- 

siv) IV,) 

■III, (v) 

vua. 




I'll 1*1 in I 1 1 in Mjitniii ipitii.i ii(‘ f'i) pfWi. (il) luiMi. (jii) '(TOL 
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22. Find tho cubes of (i) 75*9. (ii) 821*5. (iii) *035, (iv) *0050. 

23. Find tho oubo roots of (i) 72*8. (ii) 824*5. (iii) 7*08, 

(iv) *00682. (v) W0786. ^ ^ / yo. 


Sines mid Tangents* 

234. To find the sine of cm cmgU. (i) Invert tho Avhole 
slide -rule and move tho scale of sines until tlie necessary number 
of degrees comes opposite tlio black mark; then turning the 
'svholo slide-rule over again, tlie required value of tlio sine is 
found on B opposite the riglitduind index of A. 

If the result is found on tho right-hand B scale, a decimal 
point is put at the beginning ; while if it is found on the left- 
hand B^scale, a cipher is first placed at tho beginning and then 
tho decimal point in front of tho oiidiov. 

Ex, To find sin 30". 

Turn tho slide-mlo over and draw out tho alido until 30 on tho Sine 
scale la opposite the black mark. Thou wo find 5 opposite tho richt- 
hand index of A. ■ 

Thus sin 30" *6. 

(li^ A. second method is to take tho slide right out and tlion 
put it back again with tlio Sino scale noxt to tlio A scale and its 
extremities coinciding with tho extremities of tho A scale, The 
sines of all tho angles are then read off on tho A scale opposite 
the corresponding number of dogroos on tlio Sino scab. 

J3etweGu 70“ and 90“ tho graduations, if marked, Avould bo 
extremely close together, so tiiat only 75“ and. 80“ are indicated. 
ThQ sines of other angles between 70“ and 90“ may bo obtained 
from any of tho approximate rubs found in books on tho Slide 
Hula 


2S5, To find the tangent of an angle* (i) Invort tho whole 
shde-rub and move the scab of tangents until the necessary 
number of degrees comes opposite tho black mark; on turning 
the slide rub over again tho valiio of tho tangent is found on A 
opposito tho right-hand index of B, 

As in tho caso of the sines, a decimal point is prefixed, if tho 
result IS found on tlio right-hand A scab; a docimal point and a 
cipher if tho result is on the left-hand A scab. 


Turn tho wlido-rulo over ami draw out tho filido nutil o on tno 
Tangent Hcalo ia oi^posito tho black mark; wo then find 875 opposite 
tlio right-hand index of tho B scale. 

Theroforo tan — ‘0875, 

(ii) Tho second method is to take tho slide out and rc-insorb 
it with tho Tangont scalo noxt to tlio A scale and tlio extremities 
coinciding. 

'j;ho tangoiits of all the angles up to 45“ avo then road off 
oil tiio A scalo opposite the oorresponding angle on tho Tangent 
scale. 

If or angles between 15*^ and 90**, wo obtain tho tangents 
from tho formula 

cot a" ton (90“ -A)’ 

0.IJ. 


APPLICATIONS. 

256. Ex, 1 * I'ind tlio niimbor of dogroos in STjT radians. 

I rAdian*=«57*8^ 

. \ 2’57 radians = 57*3** x 2*57 — Id 7 ‘3**. 
rrinco the right-hand index of C opposite 57-3 on D, thou uiiilov 
2*57 on C wo road 147*3 on D.] 


Ex. 2. 

12 inches. 


IfincVtho oiroumforonco of a circle when tho cliamotor is 
Oiroinnforonco>=J7rd—7r x 12 


t=sa7‘7 inclios. 

rriivco tho loft-liand index of B opposite tr (spooially marked) on A; 
thoh opiKisito 12 on B wo road 377 on A.] 

Ex. 3. Piiul the area of a circle when tho diamotor is C inclios. 


X O^sq. Inches = 28-3 sq. inohes. 

. rDivido ir by 4 by placing 4 on B underneath ir on A (tho 
is on A over Sio right-hand index of 

olwei’ving the rending on A opiKisito C on 0. Wo ohtain 283.J 
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[app. 


ISiXm 4. Find tli6 voliimo of a splioro 6‘7 oma in r<idina 

Volumo = 47^^'^=4‘189 x 6*7^ cii. cina (sinco tt — 3'142)*' 

— 776cu, Gina. 

[Multiply 4*189 l)y 5*7 by moving tho alido till tlio loft-lnuul indnx 
ot B IS undev 4^189 on A, thou movo tho oui-aor to 5'7 oii B. Alultiiily 
this remUt by fi-ja by moving tho slklo till tho righfcdiaiid indox is uudor 
the cursor, and tho final result is on A opimsito h’7 on C.] 

^ fci'ianglo, tlio sicloa bolng 27'fi, 22*4 and 

ly o cms. raspootively. 

<2=27-5 

Z.=22-4 

0 =19-8 

2 (C9-y. 

«=34-86, 

A=Va(«-a)(«-&)(,?-(j) 

= ^-dim X 7-35 X 12-46 X 15-05=220 sq. oiUH, 

ovontually Imvo to tako a scxuai-o i-oot, it will bo oon- 
voniont to work with tho A and B scales. 

th«“ «” »»>“ «»' 

12. i'S.r' “ *” ■»■»««■ *■> 

aloiiktton th« pro<l,« s'iliib ,„J i, uireVilS!'* ' 

square root, wo idnco tho cursor over 48000 on tho 

S 220 “fdigitH) and fiuTibS Eu 

imlScdmiglo^Aia?^^ ° "-’lO--! «>«! the 

tnn — ^ 


=*^cotl9^20'-.~ X 

d2*C tan 19" 20' 




reniombor tliaf ''^^>bnnca of sphorea, it will in future ho adviBable 


J'/r«4d89, 



THE SLIDE nULE 
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n] 


[Inverting the wlldo-rulo and placing lO"* 20' on tho Tangent Hcalo 
opp{iaitQ the black mark, then turning the slido-rulo over, avo read *351 
opposite the right-hand index of tho B scale, 


tan 


B^C 

2 


IB 

32-6 ^ -SSI ' 


Dlaoo 32'0 on tho C scalo opposite 1*8 on tho D sciilo; tho quotient 
is then on tho D scalo, under tho right-hand index on tho 0 scale, 

Put tho cursor at this phico and then movo tho slide until ‘Sfil on 
tlio C Roalo is under tho cursor j tlio final result 157 is thou foniid 
on tho D scale under tlio left-hand index of O.] 

B — C 

Ik) obtain - wo movo tho slide until tho right-hand index of B 

is under ir>7 on tho right-hand A scale; turning the rulo over and 
looking at tlio black mark against tho Tangent Bwdo, wo iind that 


Nosv = 

B==. 79” sry, 
c=oi“4n’. 


Ex, 7- ^ Given that 1 iiioli=2*f)4 omithnotres, lind tho number of 
ccntinietros in 537 inches. 

rhioe tho right-liand index of O opiiasito 2*54 on D, then under 537 
on C wo road 1304 on D ; 

♦ * , 537 inclio.4 1 304 coi iti i lujtras. 

Ex, 8. Pind3^<>/(,oflir>|. 

of X a-r)«4-04 

[Place the left-1 land index of C opposite 1155 on D, tlioii under 3 '5 
on 6 we rtvul 4*04 on D,] 

Ex, 9- Piiid the space fallen tliwaigii (in raoiio) hy a body in 
27 HOC ends. 

a — « 1 0 X 27^ ft, 6=5 1 1000 it, (appu)x , ). 

[Phico tho left-hand index of C opposite 27 on D, then onposito 
10 on B wo find U(K«) on A.] 

267. Mr A, G, Thorn kin, B. Mary 'ft Street, Manohostor, is 
now soiling a now Blido Kiilo called tlio Improved Perry 
Calcuhiting Hlido llulo/^ It IniH vory many advanfcagOH; wo 
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will here consider some of the special advantages attaching to 
tiie Xog Log Scales ■which are marked on it, 

Between the edge and tlie scide A is anotluH- scale called E, 
in which the markings are proportional to the logaiithin taken 
twice of each nuirjber. 

Thus the position of 10 is the zero position, for log log 10=:0, 
and 10 is placed at a oonvonient point of tlio scale, tlion d is 
placed to the Uft of 10 at a distanco i)roportional to log log 4 or 
- ‘2204 j SO is placed to the vkihtoi 10 at a distanco proportional 
to log log SO or ‘2303 and so on. 

Between tlio other edge and tlio scale D is another Rcalo 
called E"* on which tho graduations are tho reciprocals of those 
oil E, tlius 4 on E corresponds witli ‘25 on E'”^ 50 on E with '02 
on and so on. 

Tho following are tho most important typos of onloulation, 
and tho student who has tho lliilo in his hands will readily 
follow the method of working. 

(i) Calculate x from aj= 

Set B, 1 on E, 2'31 then find B, 1‘32 and road olT tho answer 
E, 3-02. 

I^ecLson, log ftj =5 1*82 log 2 '31, 

loglogaj = log 1*32 '(' log log 2 '31. 

(ii) Caloulato x from x = 2*31^^*^^ 

Proceed just as in (i) but opposite B, 1*32 road olT the answer 
E“S '33. 

We really calculate as in (i) and ixjad o/T tho 
reciprocal of tho answer. 

(hi) Calculate x from a;= *508^ 

Set B, 1 on E“’, ‘508 then find B, 1*52 and remd olT tho answer 

'423. 

lieason. It is not possible to take log log *508; wo hiivo 

tlierefore to use the reciprocal the process is thou tho samo 

as in (i) except that tho reciprocal scale E”* takes tlio place of E 
all through, thus 

1 1 

log log - = log 1 -62 + log log . 
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75XA1IPLHS LT. 


1. Find tlio numlior of dogro-OH in 7 ’2 radial if<. 

2. Calculato tlio number of radiaim in 02"', 

3. Find the number of contimolirOH in a (linOo of radium 
5*8 cms. 

4. What i« tbo number of contimotrert in tlin (droninferi^iKin {if n 
circle of radin« 7 '2 cms. ? 

5. Find the volume of a Bpboro of radiuH ]3'2 deoil uotin^H, 

6. Calculate tlio number of dogroos in 3*4 radiniiH, 

7. Obtain the oivcmnferonco of a oirolo of diam(d.or 7 eentimnti-eH. 

8. Find the area of a circle of diameter Id (Uiiitiinol.i*e.H. 

9. Find the number of radians in 140^ 

10. If the volume of a Bplioro is 18500 cu. (sontimei-roH. wlint is tlu? 
radius ? 

11, Find the volume of a sphoro wlion tlio radius is 154) (!eu(,i- 
metres. 


12. Calculate the radius of a circle wlinwo nvm in lt)0() w(. eeaii i- 
niotros. 

13. Find tlio nroii of a trimiglo wlmn tim widim (i.ro in, 17T) miil J.OTi 
centimetres rcspootivcly. 

14. Calonlato the angles B and O of a triangbi* uivon tliafc /^»^^.7‘ri. 

c-3-2niKl A = f)0“. ^ * 

in. If thoi'o aro I'flOI) kilomotroH in 1 iiiilo, liow umny kilotnotvomn'o 
there in 827 miles ? 

16. Oalcnlatc the vnlno of 23 tons, if 1 lb.=2'20i) IcilogminH. 

17. Find tlio minikir of contimnti'OH in fi iniliw, if 1 ft. ; . 30' IR cium. 

18. Find tho volncs of tlio miglos O luid A of «, triiniLdn, if or-.-. IR-Tn. 

14-21 and B=74“e0'. s . < . 


10. Galeiilnto the ni-oii of a triaiiglo, tlio Hides of wliieli iirn 21 '7 
59 '8 and (>2 '5 centimetres respootivedy, * 

20. ^ Given that tiio cartlds ratlins is 0’37I x 10« cnntiinotrt'^s, iind ita 
value in miles, wlien 1 Toot^30'48cnis. 


21, Find tho mass of the earth in tons, 
G*14x 10'^^ grams, and that 1 lb. ^453-0 grams. 


given 


that it h\ 
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KLKMEN’L’ARY TllIUONOMETllV 


29. •0908; '3063; l-4<l-25. 30. 


3n- 


31. eO-.J; 90«.|; 108”, ; 120”, -g- 


32. 52§J-“, 32|^° 01 * iJ-l rndian.'i. 

33. lofi” or 1 ^. ” ' ' 31 " 


•0704; -3380; 1-3698, 

Stt 

J 


130”, 


3436 jlj-. 


Examj^lrs III. (pago 11). 


1. 

31^^* cins. 

2. 

7#^- cms. 

3. 

1 // . 7 /f 

* 

4. 

1833J' sq. ft. 

6, 

31. 

6, 

103jY. 

7. 

ins. 

8. 

18^1 in.s. 

9. 

IsrAr metres. 

10. 

3*175 cms. 

11. 

1.637 ink 

12. 

lAffc- 

13. 

8.66700 itils. 

14. 

21G5 mis. 

‘ 16. 

m mis. 

16, 

•807 

‘ r* 

17. 

1174-2 mk 

per hour. 

18. 

28f sq. cihs. 

19. 

7 ins. 

20. 

RMt «‘l- ft- 

21. 

1. 2 sq. ft. 

22. 

metres, 

23. 

346 J' sq. in, 

24. 

^ AVir 

25. 

25 sq. in. 

20. 

4 ft. 5 '8 ins. 

27. 

8G67G0 mis. 

28. 

22f. 

29, 

A in. 


KxAisri»hKfj ly, (page 15). 


I 5 5 

.V 4’ rr 


2 3^3 

2’ ./n’ 


n/13' 

„ VMl n 5 V231 5 V23T 

^’16' VrSi’ T6' - 16-5 they aro equal, 

4, ISincliGS, -y-j y, they are equal. 

6. 1, 1 j tlie value is 1 for all angles. 

-n-. 15, ru. n . ‘^"“^-coTb- 

^ ■ R I ^ 

T)’ _ “• ’3619’ CO' 

4 3 6 774 

I) ’ 4 ’ -7 ’ 7” ' 

3 J68 V58 3 Vif8 

7’ 7 ^ 7 ' 768’ ~r~’ 


0^ 

7, 

9. 

10, 
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Examples VL (page 27). 


51. 

+ 2/^ = 

62. 

ri;" 

y 

1. 

53. 

IP ' 

64. 

(.y 

li 

1. 

65. 







75x.ami>li« VJI. (i>ago 3«). 


15. 

2. 

16. 

V3 

4 ' 

17. 2jify 

18. 

If 

19. 

3^/l 

'f' 

20. 0. 


Exajipijss VitIJ. (page 30). 

1. -3057 j 3-2706. 2. 4040 j 2-4701. 

3. -6736 5 1-4281. 


Exajiplhh 1.x. (jitvgi) 42). 


1. 

30k 


2. 

40°, 


3. 

()0k 


4. 

60k 


6. 

60°, 


0. 

30k 


7. 

30k 


8. 

60°, 


9. 

30" 

or 16" (V. 

10. 

46" 

or 63° 26'. 

11. 

40° 


12. 

30k 


13. 

60k 


14, 

30°, 


16. 

30k 


16. 

4r 

49'} 19° 28'. 




17. 

0. 


18. 

30k 


10. 

19° 

28\ 

20. 

30k 


21. 

30" 


22. 

30° 

or GOk 

23. 

30" 

or 00°. 

24. 

68" 

18'. 

25, 

19° 

28' or 90k 
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Exami’IjJch X. (piigo 62). 


1. 

30“. 

2. 

25 ydB. 

3. 

40 V.% 20 a/s or 09*28, 34*64 

ft. 


4. 

26 S or 36*35 yds. 

5. 

1 milo. 

G. 

346 ft. 

7. 

or 23*09 

8. 

> 

o 

o 

9. 

137-38 it. 

10. 

83*91 yd.s. 

11. 

137-2 ft. 

12. 

03*4 yds. ; 30*6 yds., 03*4 yds. 

13. 

2MG2 ft 

14. 

J- a milo. 

16. 

4*732 inilGH, 

16. 

23*09 ; 23*09 ft. 

17. 

321, 

18. 

72 ; 677 ft. 

19. 

237 ft. 

20. 

74 ft. 

21. 

758 mok-Gs. 

22. 

3*0 niiloK. 

23. 

308 decimotuoH. 

24. 

163 ft. 

26. 

no” dri\ 

26. 

83 ft. 

27. 

41 ft. 

28, 

79 ft. 

29. 

1 *0020 miloH. 

30. 

119 ft. ; 




;i<]XAMw,iw XI. (i)iign 66). 


i. 

3. 

6 . 


7. 

0 . 

11 . 


(>•7 kilonKtlii'oB. 2. 
lOinilosj R li)“63'H. 
608‘2 ydH. 
nOniilfiHj R 
1677 yds. ; <(.‘M yds. 
9*8 iniloH. 


7-1608J 8*6086 j 9*3312 ; 10*'1CO*(. 
4. 9*231) niilca. 

0. 15. 13“ a 

8. N. 67“23'Rj 29*9i mikss. 
10. 2*022 IciloiiinfcniH. 

12. 1*6667 niiliw. 


15xamit,kh XII. (tMvgo 6*1). 


1. 2ii<l, ;ii*d. 
4. 2nd, 4th. 
7. Ist, ‘ti’d, 


2. 3rd, 2iid. 
6. 3rd, Ist. 
8, 41, li, 2nd. 


3. 4th, Ist. 

6. Int, 3rd. 

9. 3rd, Ist. 
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vr 
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1, 

;iH. :iir, ;i;ut . :tu. 

atr, \biy\ 

in 


‘H. i:.u , ;i;m , .v.l 


ill 


d!i. 

■A ;i 

in 

.* .1 1 

.V.n- ‘IH. 

» i ■ 

•’u;i A. 

'iiV 

j in A. 

fiO. oil, A. (il 

Jii'r A. 

tin 

un 

' ill' A. 

‘i't. .'dll A. lid. 

I’oHin} A. 

< A. 

(id. !(rii A cicd'x A. liV. 

rtiih Ah ms'' Ai 


‘ A, 

OY. dH. 

'j 

IMI. 

v'.l 

Yd. 1. 'll. 

1 

♦j" 

n 

(1, 

yjl. 1 Yd. 

1, 

n, 

ya 

A» yH. 1 Vy, 

X 1 V. (pMj^n tM). 

•ML 

1 

'!, ", I. :i. 




t ;;-N!);i|, •r.Miiai, I'Hh;!!, .I'.'IHIK, ■)!] 


n 

avaa. av aa. 

iw/;i,'i, initio.'iy.'Ui, 


i 

^ in 11. 

fi, Mil, fit h, mil. 

M, 


■’(•1 1 1 ii ;..‘ivd, 1 i.'i. 

Y 




ti, 

li \'M\n (ilHin 

•’1, ;!-..^yiil, 1 .‘id III, ••■Jiniii, 




viii ELEMENTARY TUiaONOMETJlY 


.T'’jXami'i,es XV. (pago 9!)). 


1. 

5929. 2. 

2-801 X 10'^ 

3. 

l-r)i;<x hr. 

4. 

3*702. 6. 

2*794. 

6, 

5-9811. 

7. 

48-68. 8. 

5*940 X 10*. 

9. 

01-28. 

10. 

2*755 X 10^. 11. 

4*768 sees. 



12. 

1 *305 X 10*’ cu. cm. 


13. 

2050 .11, n. 

14. 

5*27 cnis. 16. 

127-0. 



16. 

2 '471 X lO*’ cu. dm. 


17. 

775-0, 

18. 

•1270 gmm. 

19. 14i: 

\ X 10” ojriH. 


20. 

•1757. 21. 

--9G. 

22. 

- -H2. 

CO 

5*78. 24. 

15-30. 



28. 

9*594 X 10'* miles. 

26. 

2-668 X 10” laiioii. 

27. 

4*347 years. 

28, 

2-6025, 2-0039. 

29. 

2*5201, 2*5221. 





Exami’Liss XVI. (pago 10.^). 


1. 

•1852. 

2. 

*5088. 

3. 

2-020. 

4. 

4-389. 

6. ' 

•7144, 

e. 

1-489. 

7. 

1-357. 

8. 

-3*959. 

0 . 

-1-09-I. 

10. 

•8910. 

11. 

V689. 

12. 

-8535. 

13. 

210*4 sec. 

14. 

•2882. 

15. 

82“ 20'. 

16. 

*001139. 

17. 

•1888 liours. 

18. 

44-71 f„rl, 

19. 

44-74 feet. 

20. 

309*0 foot pel* 

HOCOlld, 


Examples ! 

XVII. (piigo 119). 


1. 

106*7 sq. cm, 

2. 

219-6 Bq. cm. 

3. 

123-1. ,1.1. , . 

4. 

11*49. 

5. 

17‘71. 

0 . 

14-13. 

7. 

•9645. 

8. 

•5631. 




Examples XYIII. (pagu 122). 

1. A = 3r B', a = 76-70, 6 = 101'5. 

2. B = 62'‘38', a = 96-43, c = 167-3. 

3. A = 31“ 8', B = 58“r)2', 6 = 27-05. 



ANSWKIW TO I’AHT I 


ix; 



A = 49“ 19', b = 40“41' 

, c = 41-28. 

a. 

A = 58“ 51', B = 31” 9' ( 

= 31“ 8' -5), rt= 202-2. 

0, 

B = 56“ 38', a = 16-44, 

6=24-98. 

7. 

B=74“43', a =7-466, 

c = 28-.32. 

8. 

A = 10“ 46', b = 73“14', 

, 6 = 788-3. 

G, 

A = 68“ 55', 6 = 21” .5', 

c = 344-4. . 

10. 

A = 7“ 47', 6 = 12-67, o 

= 12-79. 

11. 

A = .30“ 40', «==-7838, 

6=1-310. 

la. 

A = 41“ ! 5', B = 48“ 45' 

, « = 23-03. 


'JixAMi'iina XIX. (i)iigo ISI). 


1 . 

3. 

0 . 

7. 

0 . 

11 . 


12 . 


A = 143* 49'. 
A “ lor 15'. 
C = 102“ 3.3'. 
B^.:12“39'. 
B.-=35" 3G'. 


2. B = 102“ 39'. 

4. A = 106° 37'. 
6. 0 = 97“ 9'. 

8. 0 = 39“ 42'. 
10. B = 36“ 22' ov 


A = 65“ 1' j B = 62“ 20' 5 c = 62“ 39'. 
A : 70“ 22' j B = 55“ 39' j C = 53“ 59'. 


36“ 21'. 


I'l'CAMi'ia'-s XX. (iHigo 135). 


1. 

B = 

iia 

“ 37 

0 

= 31“ 45', «= 20-95. 






2. 

A = 

iW 

21' 

B = 

= 77“ 25', 0 = 27-39. 






3. 

B = 

\w 

28' 

0 = 

= 90“ 55', « = 46-02. 






4. 

A=- 

00'* 

39' 

0 = 

;=87“8', 6=14-34. 






6, 

A“ 

04“ 

19' 

B. 

= 78" 16', «=.-a0-6. 






G. 

B:; 

7(r 

18' 

0. 

=='4l“26', «=•■= 48-21, 






7. 

(i) 

(i) 


30" 

1.0', 

B = 91"37'; (ii)A = 

,36“ 9', B 

= 91 

“37 


8. 

[J : 

57", 

G~ 

:=49“4:8'j (ii)B- = n7” 

, c- 

-49" 

48'. 



0. 

(i) 


28” 

4(i', 

C=.= 115".32'; (ii)A^ 

- 28“ 

45'; 

0 ^ 

115 

“ 32' 

10. 

(0 

D-: 

(19" 

59', 

0 = = 92"39'j (ii) B 


1'. 


92“ 

37'. 

11. 

(i) 

A^“. 

87“ 

18', 

B = 39“ 28' ; (ii) A ^ 

==87“ 

17', 

B=:= 

39“ 

29\ 

12, 

(i) 


03” 

30', 

C==4r‘57'j (ii)A 

^93“ 

30', 

o== 

4r 

56^ 



X 


Kl.HMUNTA IIV TUKIONOMl'ri'UV 


ExAMmsfl XXI. (piigo 

1. Not ftiiibiguous. 2. Ambiguoua, 3. Ambiguous, 
1 B=74“10' or 105° 45', 0 = 50” 31' or 11)° 1'. 

6. A= 79” 42' or 100“ 18', B =37“ 27' or 10“ 51'. 

6. B = f»8”37', 0 = 49“ 8'. 

7. A = 82“ G' or 6” 50', 0 = 52“ 22' or 1 27” 38'. 

8. B = 37” 27' or 142” 33', C = 100” 50' or 1“ 44'. 

9. A =.38” 19', B = 82°4'. 

10. A = 1)0“ ] 0' or 9“ 22', C = 40” 30' or 133“ 24'. 

11. B = 25” 30', C = 82“ 15', c = 190. 

12. A = 87” 56' or 7“ 10', 0 = 49” 37' or 130” 23', rt.-.lOS or 

13-48. 

Exami>i.ks XXII. (piigo 137). 

1. (1=35-32, 5=107*3. 2. « = 24-05, o = , 30-30. 

3. 5 = 31*25, « = 41*90, 4. 5=14*51, ()=14-C9. 

6. ((=28-12, 0 = 22-35. 6. « = 43-01, 5 = .37*38. 

7. £(=69*64, (5 = 49-49. 8, 5 = 25-07, (5 = 26-55. 

9. 5=116-0, (5 = 148*4. 10, rt = 783*9, 5 = 788*9. 

Exami'Lbs XXIII. (page 137), 

1. 60” 33'. 2. 59“ 52', 00” 41'. 

3, Ambiguous, Ambiguous, Noji-iunbiguoiw. 

4. B = 74“46' or 105*15'; A = 56” 21' or 25“ 01'; ((=15*9 

01*8*326. G. 5 = 9-603,0= 17*18. 0. 66“ 09', 40” 24'. 

7. 169”. 8, B=D1”29' or 128"31'; o=84“14' or 7“12'. 

9. 5= 79*21, 0 = 84-22. 

10. b= 39“14' or 140“ 46', C=105”32' or 4”, o.-;32-48 or 2*352. 

11. 67” 35'. 12. 18” 36'. 13. B = 27“6', 0 = 89” 39'. 

14. (1=37-08, 5 = 46-36. 16. 87” 47', 43“ 41', 21-37. 

16. 109* 39'. 17. 5 •=325-7, o = 248*5. 

18. A =49” 46', 0 = 58”. 19, 41”, 54” 28', 84“ 32'. 

20. 74° 52', or 42', 21. 5=21*47, 0 = 5*802. 22. 81“ 48'. 

23. A = 93” 56' or 6“ 9'; 0 = 46“ 37' or 134” 23'. 

24. ((= 17-55, 6 = 15*11. 26. 141*5. 20, 36“ 30'. 

27. 105*8, 74*94. 28. 97*27. 29. 45-04, 30. 09-68. 



ASs\vi:us TM I’A ur i 


\i 


K\AMJ*l.in XXIV. 


1. 

IS (III imSii' 


*> 

V'lOSi mill 

i‘'». 11. Jlll.'IV ft. 

•1. 

l :M •.! n 



M. 

0. Ili’iijlit OiiU ft. ; 

I.IU*' 

o INUS ft, 


7. 

’!i>7'V v<l? 

i. H. .|:on fi, 

\l 

jj' 1 S 1 * Miri 1 1 


10, 

I'!V-1 M. 

11. >ik 

VX 

iH.'rV yU. 


i;t. 

'.17 is! I‘i. 

Ml. iSlS'ti yfis. 

i:«. 

t’llS II, nr 

ISnS 

II 


1(1. s:i SH Uu 

i’A 

sr,'.! H. 






1': 

SAMI 

I'i.cii 

N W. (|. 

1 lij). 

i. 

iMi 1 11. 

M 

i'S 

:i ii vi ^ 

11 I M.'IO yiinlrt, 

1 

1 n 1 iv 

!>. 

f>!l 

S fr 

ii iiS'in. 7. l:r.iri. 

H. 

It \ It 

tl. 

sv 

O S If, 

10. lOirl fr. 


K 

V A M t 

MJ'i 

WVI. litl). 

L 


;v 

ft. 

'1, Kil l y(\\\. 



li 


: ;iv i.s' ^ 

, aftrwiwn 

}»* 

1 1 l !» vl . 


•' '• -.(A • 

H. 

r<!U^S fi. 


t* 

■ ti’t 1 niil'i'. 

10. t!0*(ii> mlft. luM'linnr, 

u 


lu 

, i'l 

H. 

111, liOIMl ft, 

li 

!*»/ M, ; i» 

hi H 



l(i. Mil?!. 

III. 

'rnwi^r i' 

ill I'l 3 


.tnir 

HVni K. 

IV. 

i'f. 


Ml. 

>ti;i t'l, 


V.u. 

t M. 



i ii . 

lOiS'j! iM 


If, 



r.V io »i. 

m 1 :! I S! y\h, 

;v/. 

I'r 



'.'iiti'.! i'l. 

7,0. ilOM yrtnlu. 


V. 

\\\^\ 

1 XWll. 

iS'.l). 

1, 


<1 

♦f- 

! r n:i, 

;i, I7’il mili»}t. 

i 


■1. 


I'VaJi |h*i“ luMir, 0i ilMH'l it'. 



XX VII s. 

WOk}, 

1, 

:r 




W, IltlHOH'j 

Mil 


S’l II ! itiii*' r 

•1, (1 inilfMt, 


r-.r. (1. •IV’-'I'. 

?. U) Hiili (<»t 1 1 til niili-'i, (iii) 1 1(17 mill'!*. 
H !(, IHl* (in • HI ll(lnmil‘ii;f(HliiU>“nti!rii. 



KLEMENTAUY TBIGONOMETllY 


1 . 

3. 

6. 

7. 

10 . 

27. 

29. 


13. 

14. 

16. 

16. 

17. 

18. 


4. 


6 . 


liXAMPLKS XXVI fit. ({iag(! l.'IDtf). 

72°39', .').3‘’24', ir.W. 2. 1-515 ft. ; 11“ 

18“ 69', 14“ 7'. 4. 29“ 28'. 5. 3.5“lfi'5 60“. 

60“ 28', 72“ 27', 64“ 46', 71“ 34', 95“ 44'. 

28“ 22', 41“ 8'. 8. 5'58 yarrk 9. 3-687 in.; 21“ 38'. 

76-76 y(). 11. 68“ .39'. 12. 21 iu 100. 


HxAMiT.ns XX.VTI1'. (pago 167). 


V3_|._l ^ + \ . 

T/j ’ “va ’ 

V 3 ~ l 73-1 

272 ' 272 • 


28. 


' I' ^ , I *1' i 


BxAMPLiiis XXIX, (page 171). 

cos A cos B coa 0 (tan A 4* tan B h- tan C - tan A tan B tan C), 
cos A coa B cos C (1 — tan B tanC — tan Ctan A — tan A tan B). 
tan A + tan B + tan O - tan A t:in B ta n C 
1 - tan B tan C — tan C tan A - tan A tun B ’ 
cos A cos B coa C (tan A ‘h tan B — tan C tan A tan B tan C). 
cos A cos B cos 0(1 + tan B tan C — tan 0 tan A + tan A ta 7 i B). 
t an A - tan B - tan O - tan A t an B tan C 
I -* tan B tan C -i- tan C tan A -f* tan A tan B ’ 


Examples XXX, (page 178). 


(i) 

V3. 

2 ~" 



(ii) 

472 

9 ' 

7 

9' 

472 

7 ' 

{iii) 

715 

8 ' 

7, Vlf). 
8 ^ 7 


(iv) 

Si . 

■ii r* i 

7 , 

yir> 

2 4 

(V) 

ISO . 

_ iifl . 

TffF > ” 

ISO 

ini' 





(i) 

n/3. 
"2 » 



{») 

15 0 

> ^ 


(iii) 

24 . 

} 

~-iri --V 


(iv) 

130 , 
TKTD' > 

110 . 
TSTi*^ 

12 0 
TTtr 

(y) 

^/35 . 
Ts"^ 

17 

“18' 

736 

17 







ANSWKHS TO PAllT I 


xiii 


e. (0 

(iii) 
(v) 
7. (i) 



2' 

(ii) 

1} 0 

] CO. 

‘Ji , 
ii’ J 

^ 

> T • 

(iv) 

120 , 
TO> 

nn, 120 
T<Jir3 TT^' 

. 

4 fi , y « 

TUJ Tli* 

(vi) 

4 ■ 

> 

6rt . 0 0 

'6T > *STr’ 

1 . 

(ii) I- 

(iii) 

1 

(iv) W2' 


Bxamvlus XXXI. (imge 186). 


„ . 8a a 

1. 2 Hiu ,j- cos . 

3. 2 sin (lA sin A. 

5. 2 sin 8A cds !iA. 

7. 2 sin 2A sin 3A, 

9. 2 sin '10° (ios l(i“. 

11. 2 cos 80° cos 3°. 

13. 2 cos 37° cos 14°. 

16. - 2 cos .30° sin 13°. 


Of. ^ 

2. 2 cos ^ cos ^ . 

4. 2 cos 4 A sin A, 

6. 2 cos 4A cos A. 

8. - 2 cos 6 a sin 2A. 
10. 2 sin 45° sin 10°. 
12. 2 cos 42° sin 10°. 

14. 2 sin 13° cos 2°, 
16. - 2 sin 47° sin 6°. 


1 . 

4. 

7. 

10 . 

11 . 

12 . 

13. 

14. 
16. 
10 . 
17. 
10 . 
20 . 


12 . 


KXAMW.HH XXXII. (page 186). 
sinSA i-sinA. 2. cos3A + coaA. 3. sinOA-sinSA. 

(;os2A"COs4A. 6, sin 12A-Bin4A. 6. cos 12A+ cos 2A. 

sinBA-HmOA. 8. cos2A~cos8A. 9. l-sm30=-5. 

cos 08° -I- cos 8“ -.'Br)!!. 

;'. [mn80°-Hin J0°] .= -4050. 
cos 1 20° H- cos 20° ='4307. 

i [cos 2 3° — cos 1 27°] ■- '7 6 i 2. 
sin 95° t- sin 1 5° - 1 '2550. 

Ic.m20° =.'4404. 

i[sm213».-sinfl7°] = --7326. ' , 

<;m3A.|-cos(A + 2B). 18. - cos (3A + 8B) + cos (A -I- 2B). 

sin (4rti 6 j/) -I- sin (2iB + 2j/). 
sin (4.-« -I- 4y) - sin (2i« -I- ()y). 

I'lxAMi'r.KS XXXIV. (page 190). 

73° 2'; 12-60, 13. 33° 34'} 80 H. 68° 44'} 38'D3. 


XIV 


JfiLKMENTAJlY TJllUONOMKTKY 


X3SST PAPERS. 


1 . 

3. 

5 . 

?. 


1 . 


3. 


6 . 

7, 


1 . 

3. 

V, 


1 . 


3. 


6 . 


7. 


1 , 

2 . 

1 


6 , 


• 1917 V^Ci 
78*7)714 H(j. 1(1. 
1 *1 r® o«'«* 

40", 


I. (piif'o 201). 

2. *2619; 137iV. 

4 * t- 

0. *79 ; *62. 

8. *94 ; *35. 


U:. (pngo 202). 


GO” 12' 18". 

44 cniB.; 154 sq. oms, 

12 Bq. oma. 

•48; *87; *55. 


2. 150"; *5587. 
4. 95//. 

0. 70". 

8. 1*091; *43(1. 


HI. (pago 202), 


•580805061728:). 

3-/f iiiBti’aa. 

rad) ana. 

08". 


2. 91.jV; 1*3095. 
4. 3*99 nuitroH. 

6. *90; 1*05. 

8 . 


if ) if I '.j • 


112“ 3'. 
36". 

4*4 cms. 

36 fr. 


IV. (pngo 203), 


2 . 

4. 

0 . 

8 . 


•832; 1*803. 

60 mm.; 113 sq. 


V. (pago 203). 
ooBA--=^f; 800 A»fJ.; 
tanA = .J«; ootA^.=.««; 

COSGcA=f^-. 

1*309 rnotves, 3. -*25. 

•*'52. 6. *57; *82. 

‘ 7. 50*29 sq. CI 1 I 8 . 


cniH, 



1 . 

3. 

6 . 


6 . 

8 . 


1 . 

3. 

6. 

6 , 

7. 


1 . 

6 . 


7. 


1 . 

6 . 

0. 


1. 

3. 

6. 

8 . 


ANSWERS TO TEST PAPERS, PART 1 


VI. (pugo 204). 


7^12' 18". 

2. 82°. 

128f ; 2’24-. 

4. 2-90. 

ain A = ‘39 ; 

cosco A = 2-54 ; 

coa A ™ *92 3 
cot A 2 ‘33. 

BOO A = 1-09; 

•51 ; M2. 

7. 1-39. 

98" 44' 17". 

VII. (pngo 200). 

32,^,°; -57. 

2. 1-19; 1-66. 

29°. 

4. 65°. 

mu 32" - ‘53 ; 

Bill 58° = -85 ; 

ooH32"-‘Br); 

COB 58° = -63. 

08 49 -i’r”. 

32.jB/. 

00°; 1-05. 

8. 5-4 cilia. 


Vni, (page 205). 

132°; 2-30. 

2. ‘78; *63. 

11". 

4. 103D9‘09 sq, cina. 

• 8 ; - 0 . 

G. Bill 24" -‘41; 


COB 24"« ‘91 ; 

Bill 48" -*74. 

162!;°; 2-84. 

8. 186 aq. in. 


IX. (pugo 20G). 

2. -54; -841 -84; -54. 

•80. 

842, 000, 042-8, 700, 860, 939-7, 984-8, 1000. 

I -SO. 8. 90”. 

X. (iMigo 207). 

1071-finlB. 2, 0000°. 

38° 11'; -7800; -OO. 6. 05° 9'; -8207. 

4J. 7. 30°. 

1'9443, 2 •8980, 3-8.304, 4-7331, O-O. 


XV 



XVI 

ELlSMJiNTAUY TUJODNOMUTUy 



XL 

(pngo 208). 


1. 

•86594688; 

•8660. 

2. 155” 36' 

3{y\ 

3. 

Each = ’53 ; 

B 32”. 

4. -1, --60, --12, •37, •81. 

6, 

60”, 


8. sill 70” < 2 sin 35”. 



xn. 

(page 208). 


2. 

60", 180”, 


3. •02619; 

1*0004, 

6, 

69'5 miles. 


7. .^==.-8660. 

8 . 

•0718. 






XIIT. 

(page 209). ’■ 


2. 

45”, 33” 42'. 


3. 864000: 

miles. 

1 

2^973. 


6. 17”; 3-27. 

6 . 

2, 2-14, 2-22, 

2-23, 2- 

17, 2^05. 


7, 

7169 gq. meti 

•03. 

8. -57, -30, 

■95. 


* 

XIV. 

(pngo 210). 


2. 

1^08, 1-20. 


3 

C. T'J* 


i 

36'082. 


S. 16“ 21' 49iJj.". 

6 . 

45”, 60"; 30”, 

90”. 

V. 5G4'1 luotroa. 



XV. 

(page 211), 


2, 

30”, 46”; 60”. 


3. (l-ij)/(l 

+p). 

4. 

f 


g 121wi 


8, 



■ 1200’ 


A- 


7. •700022 • 

cos 40“ --7660. 



XVI. 

(pngo 212), 


2. 

60"; GO”. 


3, 3 


1 

3-1416. 




6. 

Largo hand SIO** or 8' 

'90 radians ; 



Small hand 42i“ or - 

'7 4 radian. 


6 , 

•6427802; cos 50” = •6428. 7 . 4 




ANSWEUS TO TEST I’APHHS, I’AUT 1 


xvii 


XVII. (page 212). 

1. 1-57, 1'89, 2-10. 

3. tanlO'“ = OP/OA = -18; 
tan20“ = OQ/OA= *36; 
taii4:0° = OR/OA=-8'l. 

4. 6 '9624 miles. 5. cob20“e=’90C3j Boa4D°:=:'7071, 

6. 60°, 132° 3', 1 . 7. *744. 

8. '629. 

XVni. (page 213). 

2. (i) 30°, 180°; (ii) 30°, 138°, 160°, 315°. 

3. 06'G1 metres. 6. 10' 40" after 1. 

n 2.10 11)1 BI O 8. 8'944, 4‘472, 17'889 feet. 

I* 'rBU'» TTiV ^ 


2. 

3. 

6 . 


XIX. (page 214). 

(i) 30°, 210°; 120°, 300°; (U) 60°, 240°; 160°, 330° 

91 metros. ' 

2723-JI- miles; 3108-4 miles. V. 3'4798. 


1 . 

3. 

4. 
6 . 


XX. (page 218). 

1976*3 metros. 

(i) 60°, 240°; 30°, 210°. 

(ii) 30°, 330°; 160°, 210°. 

2{)'98 motroH, 

(i) COB A 11, cot A -14; 

(ii) cosA = -|J, cotA-~-iiT,-. 

336-9 ; - 222-39. 8. 7 feet. 


1 . 

4. 

6 . 

7. 


XXI. (page 216). 

3. - -909. 

6. 21-872 centimetres. 

90°. 

n) 30°; 160°; 210°, 380°. 

6087 feet. 8. *87 ampftreH. 


88|4 tons. 
12-7 dins. 
i) 136°. 316' 


xviii 


ELEMENTAUy TIUGONOMETllY 


XXII. (page 317). 

2. 45”, 226”; 67” 30', 247“ 30'; 

167“ 30', 337” 30'. 

Wt‘" 1 46-13 dms., 99-97 dins. 

5. -7072 milos. 6. .^3 “ qj. /f.2“. 

7. 689-9 mis. poi- hr, 8. 20,000 sq. m. 

XXIII. (page 218). 

1. 1-722, -01977. 2. 96-66, 111-69 yards. 

3. Each ratio = tan 41° 

= -8693. 

4. 1-030. 6. 1.00^ 

0, tan -6928, 
cos $= -8219. 

7. -9962, -9848, -9669, -9397, -9063. 

8. 60”, 300°. 

XXIV. (pago 219). 

1. 1210-96 metres. 2. 3-8. 

4. 11” 59'; 471-18 ft. 6. -06469. 

6. taiit>= -3106, 7. 24°. 

sin d = -3966. 

XXV. (page 220). 

1. (i) 10-46, (ii) 11-37. 3, -299. 

4. 2-617 grams-weight. 6. 3“20’, 7“6' 

6., 3-484, 4:6-03 cms. 

7. (i) 103“ 33', 266” 27', 

(ii) 24“ 38', 165” 22'. 

8. tan ^=-6249, 2-1693; 

. ^ = -6587, 1-1393; 

sin e = -6299, -9082. 



ANSWKHS TO TICS’L’ PAPEllS, I’AHT I 


xix 


XXVI. (piigo 221). 

1. 28-94 cniH. 3. 7*914, -006, TIG. 

4. Bin 106°= -4067, cob 106° =--9135; 

sin204°=- '4007, cob 204° =--9130; 
sin 336°=- -4007, co»330°= -9130; 
sin 114°= -9130, cos 114° =--4007; 

taull4°=- 2-246. 

5. 73-62 dms. 

6. (i) 36° 52', 143° 8'; 

(ii)40“, 220°; 18° 26', 198° 26'. 

7 . l-Oiri X 10’“. 8. 2-2° 30'. 

XX VIL (pugo 222). 

1. 2-980. 2. 1-259. 

4. Hoight-^ 54-39 fb. 

DiHtiinco fi-oin OHO post = 80-37 tt. 

0. Bmd = -0691, = -6.347; 

cos -7431, l-|^=-731l. 

7. 100“ 13' 38". 8. .30", 310°, 100°, .330°. 

XXYlir. (pH«o 22.3). 

3. -3121. 

6. iri9'. 

7. 01"8'; 3071 iiiilcM. 

XXIX. (piigo 223). 

3. D . 89“ O', O.. 03° 7'. 4. (i) 807-2, (il) l-l 18 x Id'. 

5. 70° 20'. 0. 90". 

7. 40", 70“, I 00“, 1.30"; 

-780, 1-309, 1-833, 2-306. 


2. 714-8. 

4. 2-02 (lioH. 

6 . ± 111 !- 



XX 


KLEMKNTAUy TlUGONOMETJlY 


XXX. (pago 224). 

2. 121-9 ft. 3. 90°, 270°; C0“, 120°; 240°, 300°, 

5. 1-443. 6 . 60° 10'. 

7. 67° 62' or 112° 8'. 

XXXI. (pago 225). 

1. 0°; 60°, 300°. 3. 86-76 oniH. 

4. (i) and (iii) ambiguouB. 6. (i) 417-2, (ii) 23-44. 

6. A = 27° 46', o = 110° 64', b = 68-70. 

7. f 

XXXII. (pago 226). 

2. 320 ft.; 136-3 ffc. 

3. AB = 17-69, AC = 23-73; 

BO = 27-77 om,H. 

4. 3-118 oms. 6. 18-49 nils, poi- hoc. 

6. A = 101° 47', B = 24° 31', 0 = 29-04 onia 

XXXTII. (pago 220). 

2. 12-4 sq. oms. 3. 1 1 -02 kiloinotres. 

4. 2-379. 6. 44” 17' or 136“ 43'. 

6. 216 cniB. (using ai-o = rd). 7. 0°, 240°. 

XXXIV. (pago 227). 

1. .-8 = 6, 2/ =2. 2. -1-9468. 

3. 48° 11', 73° 24'. 4. 30 02 motms. 

5. 1-126 meti-ea 7. 21° 20'. 

XXXV. (pago 228). 

1. 609*9 moti'es, 2. 42-23, 13-63 oms. 

3. 1-97 sq. cins. 4. 20*78. 

7. 2*21 X 10^ kilogmniB. 




ANftwi.ipi lit 'ri. -r ivviii’ i x\i 


XNXVI, 


1. 

*.1. 

v:r ii\ 


i. 

1 iii'.i iiiiiiiM 1 . 

t». 

A f‘V':r, II r.:r n . v. 

UV \ 17' 


NWVII. IjMK.' 

1. 

Vitliniit' ' Ml It '•) 1 !>,«■. 1*„ 

(i) li:i;», (ii) 

;i 

•I | ‘'JH l•(l|ll, ; fill '1. 


R. 

1,1 -If 1=1 V). M 

1 'JlHll riiin. 


V \ ,\ \ III. (|..t! 


1 

.'l i’.l ; Ml', :l 


:r 

Mu', lliir. .IM'*’ il 

1 Vll. 

7. 

ii' Mi't.! i:(r‘.:'.i 




1. 

Ml i 



jitj vr 


:i 


1 ' ir 

11. 

\ 1 !^;? ii4l,->. |-tv K« . , 



1 lotR'u. 


V. 

iMlli Iir‘ 





•Jr 

VI I’T 17 i 

n *»*i’ ^ 1 Mil* T 

iV 




Virl t| lii*. ' 


1 

fc- VmI' |ii , i; 


:i. 


ti. :mi;i 

V 

»1 




XXll 


Kf-15MI4NTAUy 'I’llKlONOMETUY 


XLTI. (page 233). 

5. (i) 52“ 2'; 127“ 68', 

(ii) 134“ 46'. 

7. {- 1 )'*+’ 4 sin mA sin wB sin nO. 

XLin. (page 234). 

3. (i) cos a or siuaj (ii) cofc^ or -tan^. 

4. 626 inotros. 

XLTV. (page 236). 

3. 61-77 inotres; 11“ 19'. 

XLV. (page 230). 

4. cos 0 = “• 

6. A = 6“ 5 B = 64“; 0 = 120“. 


ANSWERS. 


PART II. 

Examples XXX Y. (page 2U), 

30, lOO’Ot^ foot. 31. 2 : 1 : 3, 3 : 2. 

32, 4 '773 ooufciinotros, 

Rxami*lic« XXXVII. (p»igo 262). 

1. 10*31) H(|. (ioutiumtr(‘s, 

2. 0*6 oiu.H. ; 7*4 cmH. ; 5*0 cins. 


1 . 


2 , 

4. 

8 . 

12 . 


ICXAMPJ.KH XXXYIII, (pago 266). 


8*0605 v.iwH . ; 259*82 mp cin.s. 
13*254 ft 3. 

105*804 s(p iiuilu's, 7. 

173 Hq, iuH, 0, 

114588 H(p ft 


5 cms, 

181 Sq. GTI18. 
0*5 cmH, 


n,:h, :i 
2 

r,//, ill 11, 


l^lxAMPLWS XXX IX. (pago 273), 

n H<jino nf tlionn aiiswem inoro tluin HuHicionb 
htt , ^ , 

IH KHllitjKMit a» it onlbva<.u^« 2?t7r, 


iw givtui, 


1 . 

II 


A 



it 


ICLKM l^^NTAHY TUKIONOiMKTU Y 


„ nir X 

T-ir 

6. mi° ± 3“ 2’. 


4. 


6. 


1 -I- n- r. 


7,8,9. fi'. 

10. 

2?ix) 


1 

— X. 


11. 

70 \ . 

(2w7r) ; -p- . 

12. 

mr. 




13. 

7).7r 7i7r 

"O ° "4 • 

14. 

(riTr) 

mr 
> - f 



16. 

/mr\ rnr 

[y)> t- 

10.' 

^ 2vif-x 

TT 

2'//x 

n 

X 

-1- Yj) 

17. 

mr TT X 

T-'T6'”’^-‘-4- 

18. 

nir 

T 

X 

’ 18' 



i/ 

yi 277,7 ig. 

20. 

mr 

T* 

VTT 
..... .1. 

("i; 

' !«• 


2t 


22. 




26. 


x\ nir 

(2rt7r±2j; -j; 

/277-t- 

-1,7^ 


V 4 



X 7l7r X 

nTT 

X 


277,7+^; 

^ T 

'8’ 


mr /^x\ 

UV* 


20. 

(~) 

nx^ (2rt4'l)x 

rt”* 1 n • 


28. 

( 

mrl ' 


mi' 

rr 

2h -I- 1 


27. Y> ' — 8"^’ iO 

29. 30071° + 03° DO' ; SCiOu" - 20° M'. 

30. 30071° + 74° 44' ; 360>t° - 33° 38'. 

31. 3G0«,° I- 30° 62'. 32. 300(t° I' 31" D4' ; 27(tr. 

83. 27 i 7 r-l-g; (2n+l)7r. 34. 2?i-7r-i-*j;. 

^ 30. 27i7r-l-g; l)7r l 


35. 291rX ^TlTT ^'2 * 

37. 27ix; 


-tlQ ' ' .1. 



ANHWJCllS TO I’AHT II 


39 . 

^ ± -g i ±^L V 2 4\ 

40. 

7fc7r±*5. 

0 



41. 

1) ^ Hh 1) TT, 

42. 

2^77 + “ . 



43.' 


I. 

44, mr I 

77 

'T2’ 

j 

4 

7177 -i- ■ 

45. 

(2m * 1 * 1)77 Btt 

r To’ 

46. 

, 77 77 

nw±-^- n^±p 

7i7r. 

47. 

27iTr: 

4 

48. 

mr 

?w; *1* 

(-!)« 

77 

4‘ 

40. 

7t7r - a — ^ 

60. 

27177 + . 

6 



51. 

2'fnr Hh * vp , 

•> 

52. 

27177 ; 27^77 + ^ ; 

2w77± 

63. 

WTT -I- (- l)'‘^J 2»W-|-^ 





64. 

a {2?i * 1 * 1)77 a 

’''"•'■2’ 17 - r 


55. 7177 “ 

0, + /? 
"T" 

* 


XL (pago 288). 

„ . A :» A 4 

7. j:, 

A 8 A If) 

a'"" if’ “‘''’2"" 17 • 

0. Hill 1 :i0'^ 0'7()00, eoH 1 W - - 0-C428. 

10. Hill nr.. 0-9008, oiwiir ..-o-iaac. 

11 . 3 ,-^. 


B. H\n 


1 ‘A 

ft * 


ExampM’JH XLI. (piigo 290). 
2 . :|. 3. Sil. 


4. 


ft(l 

Air* 


1, 


A ft • 


^ ICO 



IV 


EI.EIMENTAIiy TllIGONOMETRY 


Examples XLIT. (pago 298), 


1. 

^ or - 1. 

2. 

a or rtP - a 1 . 

3 

T) + 

4 

~ 1 + V/r + 2 


2 


a 

5. 

/i0±473 
V 17 • 

6. 

rt® - 

7. 

2 or ~1. 

8. 

13. 

9, 

2’ 

10. 

0. i 

11. 

373 ±77 

8 

12. 

a /; 0 
”6^* 

13, 

00 

1 

0 

14. 

73 , -( 2 . 1 . 73 ). 

16, 

ab. 


18. 

^ a -\-b -I* G ± 

+ c®- 

0 

■ c(b - &c - crt + 3 


Examplv;s XLTIL (page 303). 


1 . 

+ 

II 

2 . 


'(a)8 

+ 2/^)=L 

3. 

6 ^ ( 4 ^-/ 4 = 

oA)^ 




4. 


6 . 

2/(iv' 

'- 1 ) = 2 . 

C. 

(x^ *f 1 Qtxy 

0. 7. 

.•b” 

— 4- 

?/ 

1 . 

8. 

xj/^ = 

9, 

aj® 

?/ 

A® 

= 1. 

10 . 

-1- = 4l 

11 . 

a® 

-h 

a® 


1 . 

12 . 

flj® y’ , 

13. 

A® 


= 2 . 


a 0 



«o^ 


14. 

, 11 
cot a s= - — 7 , 

6 

16. 


4) t::; (rt 4 - A)‘^tan® 

16. 

86c = «{46" + (Z^° 

~o®)®}. 




17. 

tan® a = tan® /? + tan® y. 
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V 


18. 2 ^'‘y'Y - (“^ ■” ~ ^^lYY' 

19. («’ -1- 6“) (fl - 1) + 26 (o + 1) = 0. 

a {m + h) ^ mn-h'^ 

21. (iB-2^)*-i-(» + y)* = 2«l 

22 . + = a - a 

23. {co coa a 2 / sin ay^ + (a; sin a- y con a) ^ (2ft) . 

24. ft® -h 0 ® - 2ac cos 2</> = 

25. ft /) -i- 2ft* -I- == ± -l- 2ftaj)l 

Examples XLIY* (p^go 313). 

radian. 

*0040891 radian, 
radian, 
radian. 
radiaiL 
*80353. 

15*8 motros. 


1. 

•0014544', ’OOOOOSO. 

2. 

3. 

•0008727, ‘OgOOOOG. 

4, 

5, 

radian. 

6. 

7. 

•011547 radian. 

8. 

9. 

- •000613 iiulian. 

10. 

11. 

3' •72. 

12. 

13. 

13 06 inobros. 

14. 


Examples X.LY. (pag^^ 320 ), 


1 , 


3. 


. 3/i ’V 1 . , 3nA 
am — g - A 8111 - 


Hill * 


3A 


3 n - 1 

00«-(P 


, ?iA 
A 8111 



<108 7iA sin 'liA 

2 . 


COB 

4. — 

Bin ’-^2 A sin j A 
0 _ ___ 

HIU y 

4 - 

A 3 


sin A 



5 . 0 . 



VI 


J^LjaiKNTAllV’ TIUCIUNOAIK’rilY 


y, 

0 . 

10 . 

11 . 

12. 

13 . 

U, 

10 . 

16 . 

17 . 

18 . 
10. 


H. i! 

. ,. Jtir 

«»»■' XT- I 

2i71 — 1 

. TT 

Hiu 

1 

i ‘I* 1 'ih - ' \ \ V/'{u ‘I VT^ 

a -i ^ vrjNlu 

. (A *)• TT * 

«"‘-2- 

. i!n I- vr 

, ot -I' 1 

ttJU tt 

271 

, 7t - i * 

tt 

“ «<>a 2«- 

2 mu 2a 

r‘ cos 2a -I- 

2Hlu2ct ■ 
ni ti (2w » !■ 3) 0 Hill 2it0 It sill 'AO 
•J uni W' 2 

( 2?M' 1 ) a ^ tan a 

win 2'a ^ ' 

cotoj^ot (3?^ ‘h l)a 
Hin 3tt ' 

Uiii 2 (?t> -I- 1) a -- tail 2u 

sin 2a * 
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vii 


20. 

col) 2a — cob {n -h 2) a 



sin a 



21. 

n coa (2a + 7^ — 1 sin nfi 

2 2 sin ^ 



22. 

n _ cos (7fc -}' 3) a ain7fca 

2 ^ 2 sin a 



23. 

n 

r 

3 cos 4* — ^ ^ sill ^ cos 3 ^a H- 


. 371/3 

sm^ 

24. 

2 

A ■ P ■ , ■ 3/5 

4 sin ~ 4 sill — 

* 


„ , 7t 'H 1 . Tia . 3 (71 -1- 1) 

3 sin — a sill sin — a sm 

2 2 2 

Sjla 


25. 

2 


. . a . , 3a 

4 sin 2 4 Bin 



26. 

•1 [371 — 4 cos (n -1- 1) a sin 7ia cosoo a 




4 * cos (271 4 2) a sin 27itt cosec 2a]. 

27. 

i r37i *1' 4 cos 271a sin 27ia cosoo 2a 




cos 471a sin 47ia coaeo .4al . 

28. 

, 71 a 

- fllU , 

71—2 



20. 

ooHe(» 0 {tan (71 -i- 1) fD tan <?}, 



30. 

. /n-\-\ H—\ \ . «(7r-ha) 

mu ( --g- tt -I- -g- ir j Hill — 2 

, TT 4 a 

«.u 2 



31, 

1 . na r 71—1 71 4- 3 

^ sui cos — ij— a 4- coB~— ^ - a 4- cos 

«-i-7 "1 

2 “J 

a 

Icosou ^ 

2 


1 . 37ia Sti 4’ 9 

•t-jHlll-y-eOS.-^ 

3a 

acoseo 

32. 

ian”‘ (71 1' 1 ) ftj— tan*"^ a\ 



33. 

tan***^ (?4 4 1) -'?♦ 





KLIOMIQNTAHY THKlONUUll/JItY 


KxAMprjMH XViVn* JMO). 


1, a ^ooH^ -I . 

2. 2 f W)H ,j I inm j * 

3. 2{«..H(-0.|.iHin(~..0j. 

4, D {tiOH (tair* f) m* i niii (tan”* :|)} 

r>{co«3()'’ 5ir l imn WiV ^>2^}. 

B. \/2i)B {com ( tail”* '!• i mu (tair * V)} 

\/2UB {cuH B0'‘ ^l imii 80"}. 

n lit / TT , ♦ 7r\ ..1 / ^ . 27r\ 

0 , 2 * I ooH^ * 1 * t iwn A j 2 * y - *1 ^ hiu j \ 

^a/ Ttt . . TttN 1/ ftjr . . HypN 

2 M COM -l- iHin j ; 2 'Mcoh I 'tHiM y 

7, V20 (<!OH 2r 4H' 1 Hin 21" -18') ; 

(coH Ur 48' ■! tHmMl"4K')i 

V'2U (com 2Cr 4B' •!• i hIu 201" 48'), 

o ; / Htt . . HttN . / 2l)7r , . 21)7r\ 

8 . /jf COM y ^H 1 U ; h Mum !• ^mn j ; 

y / OOtt , . n8ir\ . . / VTrr , . 77ir\ 

/c f COM -yy -I- ^ Bin ; k ( cim ^ i Bin * ^ ; 

, / XOItt . . I OWN , / rJOtr , . 

k (com y y *h 1 hlU y g j A f COB [• 7. Hill 

hero h - (Vo — V2)^ 

0. COM (8^ - 90) i Bin {HO - 9</>). 

10, COB (9{? *h 7 c/i) - i Bin (00 -h 70). 

11, COB 10() -1* ^ Bin 1C(?. 

12, CDS 20^ i Bin 200. 


, / XOItt . . XOIttN , / VJ^tiTr , . lllfnrX 
Af ooB*^y^*hihiu 72 70 j 


■whoro 
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IX 


KxAMPliES XTjVIIL (page 347). 


1. -8414710 
•5403023. 

2. cos a-h sill a - p cos a + Bin a P .. . 


3. 

1 / 412/z- 


4. 6 — radian. 




COS a. 


7 ^ 

Q ^ 

y, 

11 . 2 . 


8. — 

10 . 1 “• 

ao 


18. 1 + ’sJwT^^' 


TESrV PAPERS. 
XLYI. (pngo 350). 

6. tan A tail B or q. 

XLVIP (pago 351). 

3. 2297 yanls. 4:. 2 ’9 03 metros. 

5. 7575 sq. metros. 


XLYIir. (page 352), 

5. B = 99°3rj'j 55'‘24'j 6 = 4997, 

B rr. 30" 23' ; 0 = 1 24" 36' ; 6 2564, 

6. 6087 ft. 
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ELEM ENTAlty TlirCif )NOi\r E'l’il V 


XLTX. 35,^). 

1. B = 37*18'; 0 = 83“ I'; « = 11000. 
7. 120“, 

.ML (pago 3f)r)). 

L 1*152 miles. 

(y 4H - 1 hi 'h 1 
6. rnr ; ?i7r -h 25'" 34', 

jjlIL (page 350). 

1. (2^i *{- 1) 7r, 

3. 1730 mofcim 
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ii k iM Mr * h1?:a i x 


XI 


Mr ri f 1 an»;mi < ^ .'hil). 


V. 

r r^i ^ ^ .f 

* li 

' i\ 


:tA 

f* < 1 ? ,; 

lii * 

* M 


ao. 

■in 

-■‘V 

’ ;r 




('•“ ' ' > I,,- 

(■-•.i ! 1) 

»♦ ' 


UVi. 


, l> 1 >J‘< : 

It i 


ni), w’, 

lift 

liV- 

f<“’i 

(i) ;,( 

ii':)' ■■ ■ lai* 

j Ml. a. 
•':.}■■ ('« 

•Im 1 1 1 ^ 

10 ' a 

VK 

f* •'! . 


YH. 

♦hf 1 , 

!!Hjr • »s ij TT i‘ 

4J 

lift 

t'-o;:. 

'Si rr t •» ^ 

;; 

, y . /; 


U\\\ 

r.u 

(..■ 1 1.-){-‘ > 
... ii;ii'". 

/.’ :ij ' 

'M> 

l'.>,(». i.i -nJii’ 



i 



;w:i). 


1 

'1 

l*» . 

H 

it. 

;ii!iHi(i(i ■: 

. 1(1 



(\^ 


!( ) ", 

:\ 

:r 





U; 

1 -a 

ii» 

n, 

I'lOVKlIt 

;: 10. 


1 ’I*'; V VV '* 


H. 


X 10 ' 

f 

n 

1 '-'III ^ > 

*1 1 

^ \iV\ 

li), 

li'l'it'.lltitll 

10*“ 

u 

l;i 

;i 

IM V 



10 ^ 

mvn-M 

10. 

VI 

.(•vooiirr 

X 10 ' 



|o * 






XU 


KI.KMKN'I'AHV 'rmUONO.MKTHV 


J'lXAMPI.KH i;. 


1. 

(i.'M. 


2. 

2-1 frd. 


3. 

•0003 M. 


4. 

!!)•!). 


5. 

(181. 


0. 

3-3M. 


7. 

!H77. 


8. 

74i. 


0. 

KWk 


10, 

:no. 


n. 

1)5. 


12. 

•MIL 


13. 

107000. 


14. 

'1:<17. 


IC, 

lOfrO, 


IG. 


17, 

im. 

18. 

1-011). 


10. *08.^1). 

20, 

(i) ;i-H >; 

lO'l 

(ii) 

27«x 

10 

(iii) ;l••I.■t8 

X nt‘. 


(iv) 1 •()(» X 

: 10^ 

(v) 

X 

10 




21. 

(i) 


(ii) 1‘OlixlO. 

(iii) 

28)0 X 

10 


(iv) !)‘'l(i X 

: 10-^ 

(v> <)'0H 

• X 10. 



22. 

(i) X 

10^ 

(ii) 

5-r. |. X 

10". 

(iii) 

4*288 

10 «. 


(iv) 2-05 X 

10 ^ 






23. 

(i) 4-18. 

(ii) 


(iii) 

MK»8. 

(iv) 1 ‘8 X 

10 ’. 


(v) i)-22n 

X 10 

a 






.lOXAMl’t.MH IjI, (jlllf {0 400 ). 


1. 

412-4“. 

2. 

1’082 vnclifuiH. 

3. 

100 Hq. (?nm. 

4. 

45 '2 (jnui, 

5. 

1)010 cu. dins. 

0. 

191-7". 

7. 

22 cilia. 

8. 

201 «((. (iniH. 

9. 

2 ’44 vudiiinrt. 

10. 

10*43 oina. 

11. 

10850 (ill. onw. 

12. 

17'H4 oma. 

13. 

125*7 aq. oma. 

14. 

B(=(10n” 45', 0 :24"iri'. 

15. 

1331 IcilomH, 

16. 

ll.'UiOO kiloHH. 

17. 

805000 oniH. 

18. 

Oi:..(12''48', A -. .42" 22'. 

10. 
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Cr, Hell 6-* Sous 


LATIN AND GREEK 


I'utl CithiloxiK of r/rtt.r/cir/ Hooha sent ot 


Boll’a IlluHla’.'itod CJlasHios 


Kdilod liy V., <), MAHf:irANTp M.A. 

Krliunl will) I ntvcMlurdion*i, Nolit-s mul Vn^id lulinir.?, Willi nm)i:i un<V 

plum;, T.f. Cuf. nidi 5 tixn'pl tin; (Ikkkk I'l.AV.Sp wliidi aiv I'y. nudi. 


OWfjar. 1. Uy A. C. Litmiii i,, M.A. 

Ut>i>k II. Uy A. (*, l.iinii'.i.r,, M.A, 

IIooU III, Ily R H, t’tn.siiii, nml 

<5, M. (^wTJiiai, M.A. 

I tiv>k IV, I ly Ri>v. A. W. lliuiarr, I ). ! i. 

Potik V, Hy A. RjcvNoi.jHi. M.A. 

~ iJoiikii IV. itriti V., ill iiiirs vdniiK't. nv, ful, 

Ik ink VI, My I. T. Pnn.Mi'JiuM, ^i.A. 

— — Hiiols V. mill vl,, ill linn volniin!) a.v. tu/, 

* llnok VU, IlySi. 10, WiHuoi.'r, M.A. 

Onjiiar^f! Jiiviuilono of Rvlbaln (Do Uniin 
I .ill. IV. XX. V. XX m.). lly 
Ui:v. A. W, Ui’txvr'i'i U.ll.j mid A, Kuv* 
Mnr.lis, M.A, 

Olcoro, Spnochri fiKolnsl f’lUiliiio, I, iiml 
11, (1 vol.). My R IlnitMitni, M.A, 

' - Snloiillnni, MyJ. R (.;i!Aiii.i<;fi, 11. A. 

— - DcAmRilln. Hy 11, J, L, J. M.A, 

— lie XeiiPiUmc. lly A. S. WakhaHp 11. A, 
OoruolhlH ITODOH, IO));iiu!tLomln;i. llmmiliid, 
Calf), lly IL L. Eaui., M.A, 

KutrODlUtt. Itodni I. mill II. (i vol). lly 
J. <t. Sj j jrjcKii, 1 1, A. 

Hoiliov; llhul. M«n>l; I, My L, 1>, WAiri- 
WlfHillTj M.A, 

HOL'llCO ! Oil(»i, Hunk I, My C, <1, Unr- 
TlNfl.ll.A. 

— Monk 11, llyl.kd, Iln'j’TJNf:, M.A. 

• Monk 111, lly II. LA'j''i'itjr. iM,A, 

Monk IV. My 11. I.Arntii, ^i,A, 

Mvy’. Hook IS, CO, Mv. My W. C. 
I' l.AwnraAU Wai.'i itif.i, M.A. 


Xilvy, l[aunili;irn k’ii'.i ('aiith.ilnu In M.ily. 
(Si’ticTid Iiuii, li.H.k XXI.) (ly R !•:. A- 
'I'nAVns, M.A, 

LllOliUll Viii.i IH'.liitlfi. Mv IL V. Yah'i, 
M.A. 

Ovid: Mrlinnoriilnr r"i. Mi'ol,' I. My I». ll. 
Wi'M.n, M.A. 

< Sidoiillnii Ann) tUo Mrl.nnoi iilio .» 1 . 
lly ,1. W, 10. MnAin:M, M.A, 

lOli'jiii"^ Sf'l< riliii’i My I''. C-nvinn <:v 

.Smi'iii, M.A. 

- *riinli:i. jloiili I, My A, 10. I%«>iirim, M,A. 

'J'liMla. Il.iiil; in. My U. K. Wnm- 

itvnr, M.A. 

I'hlXOdnin: A H.tle,;llnii. My Uov. It. 11, 
('iiAMinniM, M.A. 

Btorioii of OvoiU Mtm. Uy Mov. V. rmi- 
WAV, M.A, 

Vll'Ifil ! Ariif’M. Monk 1, My Kcv. 10, 11, .S 
Ji.ncni r, M.A, 

linoU I], My I.. 1 1. \VAif/iviircnn-, M.A 

Monk III, My L. 1). WAU/wniiiM I, ^I.A. 
■ - U<n>U IV, liy A, M. WAiiMAif, Ik A. 

• • Hook V. My j. T. Miin.i.U MiH, M,A. 

Hook VI. lly |, *R M..^. 

Hookfi Vn., VUl., IX., X., XI.. XII. 

My 1.. I), WAt.'JWjiinnv, M.A. 0 v.di. 

-*>’* liiilooilon froni ll'ioln Vll. In Xll, lly 
W, (1. CiiAJir, M.A, 

tlron;l('i. IliHiU IV. lly I., Ik Wabi- 

wjtinur, M.A, 

Xononlioni Aunknsli. Hook:. I,, 11., tl|. 
My 10. i\ Maiu:iia:*'i', M.A. j v.tli. 


GJ^Fjac PLAYS (;Lv. cavh) 


AOHOlvyhlfl: PiomcLlieun Viimhin. llyO. V. 
M.A. 

EuiilddQO I Alccfidfj. lly 1C. 11 (li.AKKrutv, 

M.A. 

— Maccluni, Ily(}. M, OwvriiKR, M.A. 


UUVlMUlon; llmilm. My Hav, A. VA 
ilmi’i'i', M.A, 

* — - Mcileii. My Uev, 1‘, Nrchi fB, M.A. 
Ipliljiciila In My ‘I’* S. Moimh.'I, 

M.A. 


BolPs IlluHtratod Olassios -Intormodlato Sorios 

EdiU:<l for hiuhot forms, witlicmt VocivhiilurleH. Wilh IlUistialionH mnl Mopa, 


CCddUr: Sevonih Ciiiniminti in Gnul, 11 , sv. 
J)n llnllo GnMico, IdU. Vll. lly tlir, Unv. 
W, C^noKwoKrnv Common, M.A. yi. fuh 
net, 

lie Mdio IJivili, Monk I. My tlie Itcv. 
W, J. Mnnsi.i'.v, M.A. sf, 6i/, inn, 

Iilvy, Mnuk KX I. EiUied Uy R 10. A . TfiAvifS, 
M.A. Mf, OfH n<n, 

>lUlll ; Afit iiioliu My J. W. Ifi. PKAitcit, 


Bophooloin Antlj;<iii«i, lly (1. II, Win.iAi^ 
M.A. yy. 6^4 htn. 

Uoluor; ( Myrcioy. Mtiok 1. lly E. T. Mah 
CHANT, M.A, wi, 

AblionianH in BioUy, Melmr iioiilmn ni 

Tlniirydiilir?), Monk a VI, uinl vll. Uy die 
Uov. W. U<JOK.WO«rHV CoMlMON, llI.iV. 
as, 6if, net. 



,SV/tv/ luitualiotial ('atahwHi' 


Boll’s Wiiu|)liU(»l Iiatin Olassios 

wiSi Iv'ti' i ■■■ ;ui<I Vni':0uil-(i Vi !>>' I'-- iNii'M.i'i M.A., * :i 

Ui‘ I Ii »1, ll^'i h im. I tMWM Svn, Willi muut'nnis itlu .i Mhcnii. 1 i. riu’li. 

ItVKf / ;.v r (>/ / 

th‘iiiarM nith thuiiimtijB (iVom fh: ltt;|i,, 


Iuvb?iIuiiii at lUlva'a. 
af Uom<v 

VnV.iVfi *n*hht}} nl 'I’likV. 

Voi.iU'a AVJiiMttiJ 

Ilhnvln Unji'nUoiui imm I.atf ova. 


iLafi. 11. -1. VJ, 

Turltuu* Ap.rUaila, 
tllillUnt'U UuviHilO. 


lifilia iiiul (Irook Olfvss iloalcs 


V.piVii mnatiatmt T.Uliii UoiMh'vn. 

iMji'-a hv V » . M M < HA'* ( , M. A. 

i.v,.. AVuU l.sM'f v, V..- 

., 1 .-! i.iiiJifi. iiT ••.'f tr, I ,o I*. 

J’lhmvo, A - . . n n ni ' uni'h' 

,,r 1 }„■. J •;> im^i J- Uv.'i h. 

MiaUun, Mo’.< a-’;' 

i .-'.r . Uiil I ' ' 'M, 

Hi’Alan i’nl Mlta. ;t.-W . Ij. n-- >o Vi • ' a 

i, M l ii- « a II i, t . -I. N''V '. >>14 ‘ li ' ■ 


\M\}\ V.tkViU. t ht 4 1,y I’m!. 

^•.4,1.1. I t;. , *4:''' '-'ll ' 

!. ,! c : V. .il.-.lS.ltH 4 -Moi 

1 i; •....• M 1. I- 1 ■ ••’ 

M' U’4 I.ana u.auaa, lav tlm 

Vr;iv. la I' l‘>' 

M.».i i.xtr'**. ’4. A , AO'i i. = i ;■>>, »! A. 

V4ai> I . rp, r.'.-.ii. 

hT Huhiaii IrUa, liy ■* hi 

1 m , .'4 •^. Hi'PMi-i' I <*h «'» 


,, :ifv )l V ■ :V - 

l^tSM Ihr-ri iyt 

:' . r ll .ii .( :»f) .nr.i' -l liy 

i 1 . M ■ IP -M 

^ ( I'^l .'V ^ ' 

J* tfri K’.V nniiK 

A 1 < 1 1 i e (!. 1‘ : .'.(li ' . l! V 

J B. ,V = m 

■1 ..I'A V-. . II. Ki I.'-': •• i' 

Tip 1 Ml Uvrh.MA 

(Vii.p- i'PpI I'p-.O Uv W', 

iMHt. h’S t ill i, 

M.A , o'p 1 H, I- Am-! I " '-'. 


M A . 

I^aui III Hia I'aiUihi* ». I . ' v’ ‘’ >4 ‘ ; 

B, U'. <411 rir.-, .’1.A, <a'4 A. I- 

< /• <i '(I ■: :'4 A . Ml 

I'U ii »Ur>l*.4!;hu in IsiMn Vlasii Ihoii. 
J. i'v I . A n I r. M A ’A m)i 


. j; Ml ,. i* I i ii-. j. '4 • \ "I *1 


j'lMiiiMv: i’4 loi' TiiMaifal’aii Inla 

li/ I'-”- M. .‘i a f M V. 


. Km,,?. 

M'.'i . 4 '[.-.. 

, ■ . ) j. • ., ^ Jf<a .ii:i ilM>* I;!'*' 

f 1 : i- ( , r 1* > >■ ■• '4 A, 

Aia I;', 

I A ' ’ >■• 

■ r »>a 1 I--' !»'Aiaj;a, 

J.', r* '-' I • ^ ‘ '■ ' 

I ». J *4 : H, I . 1 *, 

’vi'-;-.- '■ - ^ 1 , M i i . • r>ii ■ i'. ► - ^ 

r. 


A JK<alK »K ^ 

i ; ..■, I, ^^A. Km. - ' ■ • ’ 


i*i*>Kla4 Voliltl, l’ i‘*‘y I .VMH in 

Itviln* JK Vi |. l'i 111. ■••.»'. M. 1v. Vi it.f..A Ii*:l 

UnU'li CiBlolao l.atlu Dinuitii. I 

lly I'.. 1. MmuiiaMj M.A.» nn4 J, 

!p)'t to itH. J!-.\. '■*• 

niOVn (Jaju'liu) T.atiu Uimrna H 

l\\ l*.. r \K', iiv n.-ifii . M.A., nn'l K. r. 

\S'it!i'<n ♦* M.A, .M, <i,/. 

UiinniHUliink Ilii'oSlKni l .nln lll.aiiiY' 
I'Uvr.. Uv I'i'f. IK V, Alifo'l.l', Kill. 1 1 
Willi n* wkIimui V*m iliiil.ity, i\. Viu;;ihi 
j.o V :> I* i».»l<4v, in K 
JMnv I.’aUu IMiiYif. Hy M. I.. Ni ivmaii. r i 
OU uK I .'-V 1 .4 in i'liiirn h‘- i^>'< ' 

W'iih V"-. .phnkn y, 1 1. ^ ^ 

r*i’lniB‘i liuUiU'ij "t, l ira Ki'ihi U<miIhi 
| ii. 4;, Niitr-i otol V<Hi4<n( ny I'V ll 

Tiilr JK V. I*. I' l.K’i I , M. A. 1*1 '• A 

IcIlMu lixmoiMini ulul (hanuiiav Vi\im' 
hv T. f m 1 nr , M.A, , i. ' pi 
UniiOnn I'ain'iH in L ain !'P<| on4 V»r. 

|> / r. » ’oP.I Hi.-,, ^’it, a, • I. o A 

rallnutni nilvnln, I’"! I, ).i ''m f 

’I (iio'.l iid-u itpi'' I i'lin l',l< :;|.*i. .lUn Upp-' 

V. -I . 1 - ll. A, n-M JO 0 . 14,. h. y.t. r. 

llaW l?» I’lppaninKhl IpHl.ilK liy j* 

M . I I 1 I ) *1 Ml in I 

Uilil I'Ainiaiinn, ' * pna ''Mp i !'* llift ll 

I i. I .HI.I . , I .|l.■••^.lU> 1 *• i*PP I Ainn(ull] 
III ,\ni .1 ill h t.ppi' . I'V i ' lA ' 'piiit'inix. 
M.,\. W'hU t iH;.|i‘. ,1, t f\ 

Tim llUin lrr wlili lip I* I N«-! 

kv ll. M iiM.P k. 'ill A. VP. •*-/. 

OlhituK I'l.iln, A rivat Miix'iv Uojnli 

W. itp Mini, invl y.i A-nli'i'. IK' I'.- 

M.'I.I M.A, IIIM i(p.ii':4i fP, 

(inhtK ViuJki, Itv I. : . K.\n a. I'AMh 
> Anni«*nJa u» i»p(i;i i'»tiii(HiK wiih rA.m-i*. 
I hi. I.. Hi. MV- m til. r. i'P"> .4. 

i UHiinnii I’/pjinin pn ‘5'< ' I'l-vi' nn4 \»n 

[ |••.■ I , t I.p P tii-.. Ml A, ;<I 

! J^n1'.nnm Uh'itH Ai'cmil'!. UyrlmlM. Hi 

I .'v ll •■ (n i. h I • >1 

llnil K I ..iP.Piaar, ii' nni A'A p I P llir '.luilv 
[\iM llf.l.ii v, ♦;,■■. ,!i.i|ilvv, All Un'-'Inv-Vf 
i |,ji. . nU'i' All Amt* hi AlfpP'hr IK I'-. 

I.Mt m ip.i ... -M A- .Wt,!i 5 Main, / rii>. 

I . an pjitp- t(..iMi.iitv. fit. 

{inmiilHu ij[ii[tnaiini. M. 
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LATIN AND GREEK coniimud 


other Editions, Texts, &n. 


AllUlOluyin, tatllia. A .Selci'tiuu of t l\mv,0 
r.muy, with Nuics. lly Hrv. K Sr. 
John ^f,A. i/'iim. -(.f, (n/. 

Allbholonirt aiuooa, A Hu; 

(iii'ok I'outs. lly liov. ]>', Si'. John 
L II AOiU'KAV, M, A, i/iiiio, ,i,v, fvA 
AviHtODlUUJlfl CoHiiK-tlMo. KiliiiM liy il. A. 
_ J I oi , 1 1 1; H . J J „ I), 1 hmty iK'O, t {l.v. 

Till! I'luyft w:|J:\v;ili'ly 1 AriuniM*lls«t:i, ; 
JM|iiiii‘S» IS. ()(f. ; ViJ.'i|iao, 'Ji ', ; I'iu, ; 

crj'hti'iiiinpliiniii/ili'Ut!, ,|J. ; Avijk, 
il l'. ; Uatiiii*, tf.c. ^ riviUiH, js. 

OatmillH, JOditeii ),y [. 1‘. rosTdATK, M.A„ 

l.n rJ). I'Vaii. Bvo.' rr, 

Cor nu ii Poot artiin Laiiiionnn, iCiiitrd Uy 

Wai.kmh, 1 lliiek vol, iivo. lOy. 

MnuiUuj Altar ot Idoin. I'Mitni as a 

Si.iiuol Krnilor^j^ II, J. Aniijhisijn, M,A 


HoratJO. 'J‘ln! I.altu TokI, tvilli CoiiiiijOoh 
'L inn Illation m nnjio.'iiio jihk^s. Tockdl I'hll* 
not; nr in lent her, .n^ ihU» ALsa 
111 a vDtu.p 1iin[> leather. 'I'Jin Oileji, us. ncil ; 
Stiiiicji iuul J'’.pisik,4, vs. <uf, ntu. 


LlVy,^ Thll I’USI flVO Jluuhs. l'nHNl»KVll,l.K*fJ 
eililton loviwnl hy J, U, riinicsH, M.A. 
^ liooki* L. 11. p UI., 17 V. u. (uf. iladi. 
Luuuih Tho Pliavflalla. Hy c, IL iuh* 
KINS, M.A. With an Inii'nilticiloii liy 
\v. l!„ lliti’i'i.AMi), M,A. Demy B VO. i-ii'. 
Liioi’otlUfl. Titi lAicrotl Oaii <!« ro- 
rum natura llljrl box. Ktiitmi with 
Nntes, Irnimluction, iimi Tmnslatiim, by 
iho latn H. A. J, Munuo, 3 voIh. 8vo, 
Vols. 1, and II. lutroduetiun, Text, and 
Nnteii, i8y, Vol. Ill, ’I'liinslutlnn, fit. 
Ovlrt, Tilo IVIotiiniorphoBOB. lluokXUl, 
WitJi Jiitiodncijoji iimf Nolen l»y I'lof. II. 
[vi-iaiK. M.A. ajr. 6 tL 


OyUl Tlio MoUimorplionnii. lUr.kXlV. 

\\ nil Jiitioiiiii;i|i»u nmi Nideji Uy Tiof, 

( ^ 11. IvKitNic, M,.\, vt. At'. 

MiKihsXIII. iiinl XI V, lO}'i:tlif!i. ii. rV. 
Poniliit!. A Ponjll Plaeul Batlraroiu 
lilnor. hMited, with lnlj<uliirliMn aijil 
Niilrshy A. J’UirrOHp M.A. p. (>./. lu t. 

Pitt to. Tho Prooiii to tho Uopulillo or 
Plato, (Hoiik I. and Hnok M. cliiiy?,. i lo.) 
iCdiliid, with liilroduetloii. ('iltind 

«nd t by I'loi. '1'. 1 1. 'I'la i; n m, 

Sm.D. Us. 

Potvpntl Ooiia TrlnialohloiilB. luli^ d 
and Ttmirilatiul hy \V, I). J.owit> M-A, 

yr, (ill net. 

Proportliuj, lloxtl Proportl CJuvmtna 
it:eoj;imvii J, P, riJvuJATl?, i.irv.i). <ro. 
:ir. net. 

iiuUUuB: Hutllli aifuidllNanmtliitil do 

K0(UtU Bun LUirl IHlO. With III 

lion and Notrs hy I’lof'. 11. Kinatt^', M. A., 
and hhutlish Vohio 'I’mindallim hy tl. K 
SAVAfiK AnMvnumn, M.A. yj. tuf. ii. 1. 
PUooerlbUB. Kdlled with Jntioduetioii ciiid 
NnUs, hy R, J. Cntn.Min.KV, M.A. C jmva 
8vo, ys. Cdt 

Thooplft. Tho BIorIob of Thoofinln 
mm otUor IUorIob iuoluiloit lu tlio 
Thoognidoaii Byllogo. With Ijiiu'lnu- 

tion, (’omtnc'iitatyp dinl AiijM'ialhe't, hy 

J. IIlinaoN Wit.i.iAMii, M.A. t'lowii Uvo. 

ys. 6(1 net. 

ThuoyrtlrtoH. Tho HlHtory of tho Polo- 
pOUUOBluU War. with Nine:, and a 
{‘(illalieii nf tlio MSS, Jty thn laid 

K. SiMM.iiTo, M.A. lUnik 1. 6vn, (».r. A4 
lluok II, ^s. 6(1 


Bell’s Classical Translations 


C'rown 8 vd, Pupor CoviirH. is. each 


/Enohyluo: Translated hy Wai.'UIH Hkau* 
i,AM, ln n*.D,| andC. K. S. IIkaih.am, M.A, 
A)t:niiemuoii— Tho Si\pnliaiit>i - ChiKiidioroo 
- 'i'huiiuiiidi‘3 •— Proineimniii Humid — - Por« 
biiuis- Heveii ngaiiiiil Tlmbes. 

AriHtOllhailOB i The Auhandans. Trans^ 
laiird by W, II, CoviHiiTON, H.A. 

I'hc Phans. Translated by M, T, 

Qwinn, M.A, 

ClxJSAr’o Cinllic War. Tvanslaiod hy W, A. 
M*l)tivi'n'«. H.A, » Vola. (Hooks I. -IV., 
nmllk* V.-VIL). 

Oicoro t Vri'Ciulfdldn and Old Ane, Trans* 
lalcd by (,». H, Wni.i,«, M.A, 

Ornliona. Trimslalcd by JVof. C, D, 

Yoncaif, M.A, 6 vols, Cntiliim, Muronn, 
Sulla and Arch las (in ono vol,), Manillmi 
Law, Soxtliw, Milo. 


DomOflthonoB nn ih« rjuiwn. ‘I'l.ninlAVcil 
by C. IUnn ICitNNKriv. 

PurlpldoB, Translated by K. P, 

M.A, i.(V4ds, Medea ‘Alml Is TIiNactij. 
tUfi* -ni| Hinly ms — ,Sn j»pl Inns Ti « aw h’ ■; *■ Ri 11 
-•'Antlrnnnu'ha — Ihiuehin**-- lleenh.i > • ll(=‘r- 
evdes I'lirciis - Orti'iles '-hdilgeniii hi TiuuiM. 

Hoinor'n Iliad, linokti l. nml ih, Wni.u 
111,. IV., n«,>ks V.,VI.. Ihiokn V1I..VTII,. 
IlDukfi IX..X., HmiksXf..K 1 1., IJunka XIII.. 
XI V., lioolcH XV, ami XVI., Umdi-, X VIK 
and XVlir., lliioku XIX. ami XK. T nmn. 
lated by 10. 11, Hi.AKltNKV, M.A, jii vubi. 

Hook XXIV, Tiarnilalrd by 10, IL 

Ib.AUltNTtV. M.A. 

HoraOO, Translated by A, 

Haven, T,I„n. 4 vols. Odes, huoUu I , i.ad 
n,~‘Qd(ts, Hunks III. ami IV., ('atinpfi 

Sccuhuft anil Kpodes— Matin;', and 

Ars Vnctica, 


Select Educational Catalogue 


Bell’s Classical Translations-^w»*'«?«rf 


Livy. Boolis I.* n., 111., ly. Translated by 
J, H. Fimnsit, M.A, With Maps. 4V0I5. 

Hooks V. and VI. 'toislatcd by E. S. 

Weymouth, M. A. Lond. With Maps, avols. 

Hook IX. Translated by Fuancis 

Stour, M.A. With Map. 

Books XXI., XXn„ XXIII. Trans- 

Inied by J. Brrnari) Baker, M.A. 3 vob. 

Lltoau : The Pharsalia. Book 1. Trans- 
lated by Thudrihck Conwav, M.A. 

Ovid'a Fasti. Translated by Hknrv T. 
Rtl.uv, M.A. 3 vols. Books I, and II.— 
Books HI. and IV.—Books V. and VI, 
OvltVa Tristia, Translated by Hknuv T. 
Ujlhv, M.A 


Plato ; Apoloijy of Socrates and Crito (i vol.), 
Vhm\o, ami f>rotac;or,as. Iranslated by H, 
Cauv, M.A. 3 vols. 


PlautUB; Triniiinmns. Anlnlarla, Memnebmij 
Rudena, and Cnptivj, Translated by Henry 
T. Rii.icv, M.A, 4 vols. „ „ „ 

SOTlllOOlOB. Translated by E. P. 
niDGK, M.A. 7 vols. Antigone— Plnloc- 
tetes — Q^dipus Rex — CErlipns Colonens— 

Electra— Trnchinise— Ajax, 

THuoydldes. Book VI, Iranslated by 
E, C. Makchant, M.A. „ ^ 

Book VII. Translated by E. C. Mar- 

chant, M.A. . , . t, 

Virffll, Translated by A. II amh.ton Bit^ 
LL.D. 6 vols. Bucolics — GeorgnSr^ 
jEnold, 1-3— Ainold, 4-6— A’.neid, ^-57— 
iEncul, 10* 13, , . j / .t 

XonopUou’a Anabasis. Trans ated by the 
Rev. J. S, Watson, M.A. Wub Map, 3 
vols. Books I. and II. — Books 111., !>., 

and V.— Books VI. and y 11, 

■ , HeUenhs. Books 1. anti II» Trans- 
lated by the Rev. II, M.A. 


* * For other Translations from the Classics^ see the Catalogue ofj^ohtHs Libraries 
* which 7 vill be fonvarded on application 


MATHEMATICS 

Pull Catahp^m of Mathematical liooh post free on application 


Boll’s Mathematical Series 

General Editor i Wli.UAM I'. Milnb, M.A., D.Sc. 


Arltliuietlo. lly H. Frbkmam, M.A. With 
or wilboni Answers, sJ. 6</. Answcr.s orf. net. 
Tlio Elomonts of Non-Euolltloan 
Qoomotx’y. By Hr M, Y, buMMEKvji.t.n, 
M. A., D.SC, 5s* 


Other volumes in 


Problom Paporc In Arltliinotlp fo 
Preparatory Ooliools. By T. Coopr 
Smith, M.A. u. 

Statics. Part I. By R» 0. Fawdrv ,M,y 

ai. 6f/. 


active preparation. 


Cambridge Mathematical Series 

Aritbinotlo for Indian Soliool». By ^ 
PKNiH.umjRV, M.A., and T, S. Tait. 


pnbUo School Ailthmotlc. By w, M. 
Baker, M.A,, and A, A. Bouenb, M.A. 
3^, t(L Or with Answers, ^s, 6t/. 

Tlie Stndont'D Arithmetic. By W- 
Baker, M.A., and A. A, Bourne, M.A. 
With or wiilioul Answcrfi. qs, ^d, 
Arlttimotlo, By w. M, Bakru and A, A, 
BoURNK. In a Barts, yf, each, With Answers 
rerfotaicd. ExamplOfl, aJ. ^ 

How School Arithmotlo, By C. 
aURV, M.A., and F. K. Rouinson, M.A, 
With or without Answers, ^s, 6(/, In 
Two Patti), 2J. 6d, each. 

Key to Part Ik, Br. 6d. net. 

How School Exainploa in a separnto 
volume, 3^. Or in Two Paris, 15. 6<i. and 
Arltlunotio, with 8000 Examples. By C, 
Phnhi-UIiukv, M.A. -tf. 6d, In l.wo Parts. 
yjF. 6d. each. K ey to Part 11 . . 7J. 6d, net, 
KxamploB lu Arithmetic, luiinetod from 
the above, 3r. Or in Two Parts ix. 6a, 

OommeVolal Arithinotio. By C. Pun ih.k- 
nuRY, M.A., and W. S, Beard, 
tx. Part I, separately, is. Part 11,, rx. 6d, 


3*' 

Bxamplofi In Arithmetic. ByC. O.Tuckr 

M.A. With or without Answers. 3X, 

JV’^lor Practical Mathomatlofl. By 1 
J, Stainer, B. A. ax., with AuHwer.s, ax. ^ 
Part I., IX. Ad,i with Answers, ix. t 
Part II., IX, 4rt, 

Eloinoiitary Algebra. By w, M. Baki 
M.A.,and A. A, Bourne, M.A, Now a 
Revised Edition, 4X. 6d, Also Part 
ax. 6d.t or wiili Answers, 3X, Part 11., w 
or without Answers, ax. 6d, Koy loj, n< 
or in a Parts, gx. net each. 

A Shorter Algebra. By W. M. Baki 
M.A., and A, A, Bourne, M.A, ax. Oct, 

BxumplOB In Algebra. Extracted IV 
above. With or without Answers, 3X. 
in Two Parts. Part I., ix. 6d,, or w 
Answers, ax. Part II., with or willv 
Answers, ax, 

IBxamploQ in Algebra. By C, 0. l uck 

M.A, With or without Answers. 3X. 

— ^ Supplementary Examplofl. 6d, 1 
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Cambridge Mathematical Series —coniinned 


Elsmoutary Algeljra for use in Indian 
Schools, hy J. T. liATJIOUNTHWAlTK, 

M..\. 2 S, 

Olioico and Ohaiioo. ny w. a. Wjut. 

woimt, M,A. ys. (nl. 

DOC Exoraiaeflj including llliUfi for il>o 

Solution of all the Questions in “Choice 
and Clmnce.” 6s, 

Euolld. Hooks I. — VI, > and j)art of Hook XI. 
lly Ho HACK I)KKi»roN, M.A, 6il,y or 
in separate books. 

Introduction to Euclid. Hy Hokacjj 
DiituiiTON, AI.A., nnd O. Kmtagk, U.A, 
is> 6 tl. 

Euclid. Kxcrcisos on Kuclid and in Modern 
(jeoiUL'lry. Hy j. MclilowKia., M.A. 6r. 

Elementary Graphs, iiy w. m. IUkhr, 

M.A., and A. A. Hournu, M.A, 6 //. not. 

A Sfew Geometry. By w. M. eakkr, m.a.» 
and A, A. liouHNii, M.A, Crown 6vo. 2s,6f}, 
Also Books 1 . 411 . separately, u. Ctf, 
Elomontary Geometry. JJyW. M, Bakkk, 
M.A., .and A. A, Bouimit, M.A, ^s, 6<i. Or 
in Pans, Answers, 6:1, net. Key, 6r, net. 


Examples m Practical Geomoti'y and 
MonBurattou. By r.W,MAH.^iiAi.L, M.A., 
ftiid C. O. Tuckhy, M.A, is, 6n\ 
Geometry for Schools. By W. G. Bor* 
Cl [AitDT, M, A., and the Rev, A, D, Pijrrott, 
M.A. Complnte, 4^. 6tl , ; also Vol I,, ij. : 
Vol. n., IS. 6d. \ Vol. in,, IS . ; Vols. I, ' 
III,, 2S. 6d. \ Vol. IV., ij. {Vols. L.IV., 
3J-. ; Vol. V., IS, 5 Vol. VL, i,f, 6d , : Vols. L- 

V. , 6d , ; Vols. IV.-V,, 2s, 

Kow Trigonometry for Schools. By 

W. G, Bokcharot, M.A., .and Rev. A, D. 
PURROTT, M.A. 4S. 6d, Or Two Parts, 
2s. 6d. each. Key, las. net ; or a Parts, ks. 
net each. 


First Numerical Trigonometry. By 
M.A., and the Rev, 
A. D. Pehhott, M.A, aj. 6d, 

Junior Trigonometry. By w. G. Bor* 
CUARIJT, M,A., and the Rev. A, D, Prrhott, 
M.A. 

Elementary Trigonometry. ByCiiARi.ns 
Penolruukv, M.A,, P.R.A.S. ^s, 6d, 
Short Oourao of Elomeiitai'y Plano Tri- 
gonometry. By CllARKKS PilNDLEIiURY. 
2S. Oil. 


Elementary Trigonometry. By j. M. 
Dveh, M,A., and the Rev, R. H. WniT- 
COMHE, M,A. 4s. 6d. 

Algehralo Geometry. By W. M. Baker, 
^“'V \ ^ Siiaiglit Line and 

Circle), 2S. 6d. Key, 7J, 6d. net. 


Practical Solid Gooniotry. By ihc Rev. 

Phkcv Unwjn, M.A. 4^, 6^. 

Analytical Gooniotry for Boffinnors. 
By Rev. 1. G. Vvvvan, M.A. Part J. The 
htramlit Line and Circle, 2s , 6 d . 

Conic Sootlons, trcatiul GRonieivirally. By 
W.IL BESANT,.Sc.iT, F.U.S. 4 s ,6</, Key, 

5J.net, ' 

Elementary Ooiltcs, being the first 6 nhap. 
ter.s of the above, ss, 6 r/, 

OqnicB, tlio ElouientaiT Geojuotry of. 

By Rev, C. Tavi-or, ]).]>, ej, 

Calculus for Beglunors, By W. M. 
Bakrr, M.A. HJ. 

Difforontiol Calculus for Boginuoxs. 
IlV LnnaE, M.A, With Introduction by 
Sir Oi.iVER LoDciK, 4s. 6d. 

Integral Calculus for Bogiunors. By 
A. LontiK, M.A. 4J. 6 d. 

Roulettes and Glisaettos. By W, M. 

Bits ANT, Sc.D., F.R.S, 5^, 

Gqpniotrlcal Optics. An IClomcntniy 
Treatiso liy W. S. Ai.ms, M.A, as. 
Practical Mathemntlos, By H. A. .St urn, 
M.A., and \V. H. Toi’ham. 6j. ; or Part I., 
2s, 6 {(. ; Part II,, v 

Elementary Hydrostatics. By W. U, 
BKSAN r, Sc.D. 4f, 6 d. Solutions, 5^ net. 
Elpmonta of Hyctroatatics. By'C, At, 
jKjjsop, At. A,, and (}. VV. Caunt, hi, A. I'J.drA 
Elementary Mechanics. By C, M. Jkk«u>p, 
^^hA^ and J. H, Havhlock, M.A,, D.Sc, 

Exporimontal Moohaiilcs for Schools. 
By Fred Charles, M.A.. and W. IT. 
Hewitt, B.A., B.Sc. ^s, 6 fl 
Tho Student's Dynamics. Conipi-ising 

Statics and Kinetics. By G. M. Mincmi.v, 
Ml A., F. R.S. 6^. 

Blementaiy DynamiOB. By W. M. 
Baker, M.A, Now Revised Edition, 4s, fu/. 
Key, los. 6 d, net. 

Elementary Dynamics. By w, Gaiwh rr, 

AI.A,, D.aL, 6 s, 

Dynamics, A Treatise on. By W, If. 

Hesant, .Sc,D,, F.U.S, lox. 6d. 

Heat, An Elomcntary Ticalise on. By W 
Garnett, M.A,, D.C.L. 4J, 6 d , 
Elemental^ Phyaios, Examples and Ex' 
aminaiion Papers in. By W. GaI.t.ati.v, 
Al.A. 4X. 

Mechanics, A Collection of Pjobtcins in 
Elementary. By W. Walton, M.A, 6r. 

Uniform Volume 

Geometrical Dravrlng, For Army mul 
other Examinations. By R, Harris. 3J. 6 (i, 


The Junior Cambridge Mathematical Series. 


A Junior Arithmetic. By C. Penulkisury, 
and K IC. Robinson, M.A. u, 6d, 
Wiih Answers, ar, 

ExamulGfl from a Junior Arithmetic, 
JCxtriicted from the above. is. With 
Answers, ir. 6rf. 


A First Algebra. By W, M. B ak Eit, M. A. , 
and A, A. Bourne, M.A. ij. 6d, ; nr with 
Answers, 2s, 

A First Geometry, By W. M, Bakhh, 
M.A., and A. A. Bourne, M.A. With or 
without Answers, xs, 6d, 

ElementaiT Mensuration. By W. M. 
Baker, M.A,, and A. A. Bourne, M, A. i j. 6d* 
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ENGLISH 


FuU Catalogue of Evglisk Books post free on appUaitt^i^" ■ 


IVlafion’s Now Eiifflisli arammara. Re* 

visiid by A. J, Ashton, M.A, 

A Junior English Grninmar. u, 

') liueimetlinle English Grammar, as. 

Senior English Giainmar, 3 s. 

Works by C, P. Mason, 11. A,, I'.C.P. 
Flrat Ifotlona of Grammar for Young 
Learnoro. is, 

Flrot Btena in KnefllBh Grammar, for 
Junior Olaasoa. is, 

OutlliiGB of Eugllflli Grammar, for the 
Use of Junior Olaeacs. as. 

BugiiRll Grammar { induding the principles 
of Cmmmnticnl .Analysis. 3s. 

A Sliorfcor English Grammar, 3s. Cf/. 
Prnoblce and Help in the Analysis of 
Soutonces. as. 

English Grammar Praotlco. is. 

A Pi rat English Grammar, By the Rev, 

J. K W. Wallis, is. 

Elomentarv English Grammar through 
Composition. By J, D. Rosk, M.A. u. 
AAvanoed English Grammar through 
Oomposition. By John D. Rosr, M.A. 

as, 6ei, 

Aids to tho Writing of English Compo- 
altloil. By F. W. BRWRiniK, B.A. is. net, 
BxorclBos in English, By F. W. Buwsiikk, 
B.A. is.net, 

A Practical Course in English, By 
E. J. Balt.uv, B.A. is, 6d. 

ProparatoiY English Grammar. By 
W. Bt^nson, M.A. New Edition, is, net, 

Rudiments of English Grammar and 
Analysis, By Ernbst Adams, Ph.D, is. 
The Paraphrase of Poetry, By Edmund 

Candi-kh, is. 

Essays and Essay-Writing, for Putalio 
Examinations, By A. W, Ready, H.A. 
3S. 6 d. 

Prt'-cia and Pr^cls-Wrltlng, By A. W. 

Rkady, B.A, 3S,6</. Or without Key, as, 61/, 
MatrlciUatlon Pr(^.oi8. By S. E. Winbdlt, 
M.A. IS. net. Key, 6d, net. 

Eleraonta of the Eu^lsh Language, Th 
Ehnkst Adams, Pa.D. Revised byj, R 
Davis, M.A,, D.Lit, 4s. 6?/, 

History of the English Language, By 

Prof. r. R. Lounshuuv. 5s, net. 

The Teaching of English Literature In 
tliQ Secondary School, By R, S. Bate, 
M.A. as. 6d, net. 

An Outline History of English Litera- 
ture. By W. H. Hudson, as. net. 


► * 

Renresontntlvo Exiriud i* * V 
lAteraturo. By W. il * * ' 

net. f 

Ton Bilnlr's Early 

3 vols. 3S. 6d. etich, I 

Introduction to , 

By HbnrvS, l>AN^t^^^^. " " j, 

A First View of KngU^dt I ^ . 

Henrv S. Pancuast iiuil l ' ^ • 
Shkllv. Crown tJvo. -.i. « ' j 

Introduction to Anuuh':* • 

By H. S. PANCl»Afi'f, jji. J 

Tho Foreign Dohtol'Ermli - 

By T. G. XucicHH, l.i 1 1 , l r 

nor. • 

Hamlhoohs of EngMtiU ^ , 
Ediietl by Prof, IlALun. 

The Apo of AUied, (or * % * * * 
Snell, M.A. 
TheAgQofClmHuer, 

Snki.l, M.A. 

The Ago of Tiiuisilhiu. f 
F, J. Snkll, M.A, ^ ^ ■ ■ 

TheAgeofShnUc;.iiriur, ^ ' 

Thomas Si^ccommii lo?-* * ■ 

2 vols. Vol, I, •-*’ ^ * '■* 
Voli 11. Drniiin. 


The Ago of Milton. (iN k * 
Rev. T, II, B. Ma - s ^ 

I III 


with !iitr()(iiui{t)ii, 
Mullingiih, M.A, 


JlVlIrlL 

i', 


R, Garnictv 
The Ago of Pope. (ry<» 
Dennis. 




The Ago of John';oiL C • < 

Thomas Skucomiul 


The Ago of W«u1 jovi'i 1 * 

By Prof. C. H, 

The Ago of Toimynoii. < * - .j; 
Prof. Huh 1 1 Wai.koo. 


Notes on Shakonpoave'it 
Duff Barnett, B.A. m. 
Midsummer NIglit'n Dir.its r , I 
— ^Thc TetnpOHii - hi m: 1 ■ < • 1 f ♦ 
Humlet. — Mordiniil « >t ' *'■ 

Richard II, — King JiJtn . I'- 
ll I,— King I,eur,- t/oi J ! * »> 

Night,— As You I, ike 
About Nothing, 


Prlnoiplea of English 

Lewis. 5s, net, 

Introduction to Poetry. » 

Alobn, 5s. 

General Intelllgouco 

Exercises in EngRsli Ciiin |v. , » 

Blunt, as. 6d, 
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Beirs English Texts for Secondary Schools 

Edited by A. Guthkelch, M.A, 


BroTOinfj'EJ Tho Plod Piper, and otlior 
Pooma. Edited by A. GuTJtKiii,cir. 8 rf. 

Pairy Pootry^ Selected and edited by 
K. S. ItATii, iM.A* 1 ^. 

Kawtliome'3 Woiidor Boole and Tangle- 
wood TulOfl, Selected and Edited by H, 
llAMt'smuKj M.A, IS. 

3Clng8loy'fl HeroOB, Edited by L. H. Pond, 
lb A, With a maps. 

Lamb's Tales from Shakespeare, Se- 
Icctcd and edited by R. S. 1Ja.tr, M, A. lot/. 

Lamb's Advontures of UlyBBos. Solec- 
tiuiis. lildiicd byA. CDunstan, Pit.D. Sd. 

Iltorios Of King Arthur, from Malory 
and ToiniyROil. Edited by R. R. IJatb, 
M.A. 15 , 

Tho Story of Enid, from Tennyson and 
Tho IWabiuoglon. By H. A. T«EiH.rc, 
M.A, 10^/. 

Boott'ti A Logond of Montrose. Abridged 
and edited by F. C. Luckiiurst. is. 


Oharlea Eeade's The Cloistor and Uio 

Hearth, Abridged and edited by iJiC 
A. E. Halt,, B.A. is. 

Coleridge’s The Ancient Mariner; nml 
Selected Old English Ballads, luiiird 
by A, Guthkulch, M.A. is. 

Hakluyt’s Voyages, A Selection wtlicd hy 
the Rev. A, E. Hall, B.A. is. 

SoleetiOBB from BobwoU's Idfo of 
Johnson. Edited by E. A. J. M Ai^siH. n- 
Selections from Ruskin. Edited by M. 
Hami'shjhe, JM.A. is. 

Lockhart’s Life of Scott. Selecting r.il in'll 
by A. IJartbr, LL.A. is. 

Charles Lamb’s Solected Essayrt and 
Lottors, Edited by A. Guthkci.Cii, M.A. 
With Map of London, is. 4 <^. 

Selections ftom Carlyle. Edin^il )iy 

Kt.lZAIJUTH Lek. is. 

EngllBll 0 d 83 , Edited by E, A. J. Mavsm. 
M.A. w. 


Bell’s English Classics 


Bacon's BHBayB. (.Selected.) Edvted by 

A, E. RoiiKiiTS, M.A. ij. 

Browning Soloottona fi’oiu. hdiied by 
E. Rvland, M.A. 14 . 6 d. 

Strafford, Edited by E, II, Htcicnv. 

Burko'a Conciliation with America. 

iw Prof. J . MoHinsoN. 14. 6»/. 

Burke'S Letters on a Reg olde Poaoe. 

1 . nnd II. Edited by M, 0. KintwR, M.A., 

Butler'S Sermons tSoloctiona). EdUml 
by ihcUov. W. R. MArrimwK, M.A. w. 6^. 
Byron'S Siego of Oorlnth, Edited by P. 

Byron's Childs Harold. Edited by 
0. Kuusk, M.A., C.I.E. 24. A so 
‘ Cantos 1. mid ll.i sowed, tj. Cantos lit. 

and IV., sowed, 14. 

Oarlylo's Hero as Man of Letters. 
Edited by Mark Huntrr, M.A. u, 6a. 
Horo afi Divinity, By M aric Huntrr, 

Ohaucor's Minor Poems, Selootipne 
from, Edited by J, B. Bn.mtmiRCK, M.A. 

BrOuinooy's Revolt of tUo Tartos 
and the English Mall-Coaoh, Edited 
by Crch. M. Bakrow, M.A,, and Mark 
ifuKTUR, M.A, 24 , 

Revolt of tlio 'Tartars, separately. «, 
Opium Eater, Edited by Mark 
IIuntur, M.A. 24-. 6r/. - J 

aidsmltii'B Good-Natured Man and 
Bho Btoopa to Conquor, Edited by K, 
DiiiaiiTON. Kadi 14 , 

«** Tlio two jdays together, w. 

Traveller and Deserted VlUago. 
Edited by llie Roy- A* E WoodwaR!% M.A. 
Cloth, IS. 6tt.t or separately, sewed, lorf, each. 


Irvlns'B Sketch Book. Edited by R. i 
OxENitAM, M.A. Sewed, i4. 6 /. 
johneem’s Life of Addison. EdiiiMi by V. 

Rvland, M.A. 14. 

Life of Pope. Edited by K. Kvimu-. 

M.A, 24 . . . « . 

The Lives of Swift and Pope, ti h«'<, 
sewed, 24 , 6 .V, 

Johnson’s Life of Milton. EcUtr.d by r. 
Rvland, M.A. 14. 6rf. ^ 

Liibof Diyden. Edited by I . Uvi Aiiiii. 

M.A, 14. 6a. 

%*Thc Lives of Milton and Drydoii, Kn'flini, 
sewed, 24. 6ff. , , , , ,, 

Life Of 13\Vift. Edited by K. Rvs.Aro., 

— Lives' of Prior and Oongrevo. 
Edited by K, Ryi.amd, bi.A. rs. 

' Klngsloy’fl Heroes. Edited by A. R.. 

RoiiiiRTS, M.A. lUus. 14. 6ii. bu\Vf>.l. n, 
Lamb's KBonys, Selected and KiUlird by 
K. Dbiohton. 14. 6a. 

Longfouow, fieleDtlons ftom, lutdnd 
ing Evangelino, Edited by M, L . Lhiif 1 n, 
M.A, 14 . 6a. 

Evangeline, separately, sewed, TOif, 

Macaulay'S Lays of Anolonb limits, 

Edited by P. HoRDtinN. JS. fn/. 

Essay on CUvo. Edited hy 

Barrow. 14, 6rf. 

War of the Spanish SncooiiHlon. 

Edited by A. W. Ready. i 4. 6f/. 

fllasslnger’B A New Why to Pay Old 
Behts. Edited by K. Duituinm. ri, A/. 

MUton'B ParadiaoLost. Boolts ill . and I V . 
Edited by K. 6. Oxbnham, M.A. iti i ix' 
separately, sowed, lorf. each. 
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Bell’s English Classics — conimucd 


IVIiJtoii'a Paraiilfio Regained Edited by 

K, Diiion roN, 15 

rope's Essay on Man, Edited by F. 

Uvi.ANIl, M.A, \s: 

Pope, SelQctiouB from. Edited by K. 

ni?l(lH’ION. IJ. 6,/. 

ScoU'B Lady of the Lake. Edited by tbe 
Rev. A. E, WcioDWAiu), M.A, 25. Grf, The 
Six Cnnios separately, sewed, 6^/, each. 


Bhakospoaro'a Jxillnfl Oroana\ Edited by 
T, Dukk Harnbtt, ILA. (Loud,), u, 6 tf. 

Merchant of Vouico. Ediicd by 

T, IJuFi' Harnrtt, h,A, (Lond,). u. 

Tompoat. Edited by T. Duff Bakn ic i t, 

IbA, (ijond,), js. 

WordSWOrbll’fl Exoiiroion, Hook I. ICdiled 
by M. T. Quinn, M.A, Sewed, u. 


Bell’s Sixpenny English. Texts 

Edited hy S. E.^WiNitOLT, M.A. 

Bound in limp cloth, 6d. each. 


'^Pooma hy John Milton. 

"SpoiiHer’a ‘ Facrlo Queone/ Hook L' 
*Poom8 by ToiinyBoii. 
fleleotiona from Byron. 
tMncaulay’a ' History of England.* 
Chnptov in. 

Olbbon's *Dooliu0 and Fall/ Chapters 

1. to HI. 

Soleotloiia ftoiu Popo. 


Poems by Gray and Oowiier. 
Plutarch's Lives of Omsar and Ciooro, 
— Lives of Tliemistokloa, Poriklos, 
and Alklblados, 

^English Elogiaos. 

^Selootlona Ironi Ohnuoor. 

IClngBley's Heroes. 

Irving’s Sketch Book (Soleotod), 
Macaulay’s ‘Lays of Anciout Romo/ 


y /{<! volumes marhed with an att&ylsk are also issuedy intcvUixvcdy 
at is> eachy bound in cloth boards, 
t Also issued with Notes i specially suitable for Cambridge Locals* 
For Younger Pupilg 


Longfellow’s Evangeline and other 
Foems, 

Soleotions from Hawthorne’s Tangle- 
wood Talcs and Twice-told Tales, 


Seleotlotts from tho Travels of Sir 
John Maudevillo. 

Selections from Banyan’s PllgrluPw 
Progress. 

Keary’s Heroes of Asgard. 


English Readings. i 6 ino. 


Burke: Soleotions, Edited by HussPukkv. 
35. 6 d, 

Byron : Selections. Edited by F. I, Car- 

PltNTKR, 25. 6d. 

Coleridge : Prose Selections, Edited by 
Hrnry a, Hriiius, 2s. 

Hryden : Essays on tlio Drama, Edited 
by Wu.LiAM Strunk. 2j. 

Jolinson f , Prose Soleotions. Edited by 
C. G, OiiuooD. 


Milton: Minor English Fooms. ICciltud 
by MAinm W, Sami-kon, 35, td. 

Swift: Proao Soleotions. Jfiditeil by 
I'liRDitRicK C. Pu«sco j“r. aj, fiif. 
Tennyson; Tho Priiiooss, Edited by L. A. 

SmtRMAN. 35, 

Thackeray: English Hiunourlsta. Edited 
by Wii-Uam Lyon Pjikij*s. 25. Cil, 


Readers 


The story of Peter Pan (as told in “ The 
Peier Pan Picuire Book,"), With 16 Ulns- 
irationa and Songs from the Piny in Tonic 
Solfa and Old Notation. 

Alice in Wonderland, By Lewis Car- 
ROi.L. Illustrated by Auck B, Woodwaro, 

Thrift. A Common Sense Book for Girls, 
IJy F, FooTn, 8<f. net, 

York Readers, A now senes of Literary 
Readers, with Coloured and other llhw* 
t rat ions. 

Primer 1 , id. Primer II, ^d. 


York Readers— 

Infant Reader. 6 d, 

Introductory Rea<Ier. Srf. 

Reader, Book L, Book 11 . , lod, lh>ok 
III,, if, Book IV., if, id. Book V,, 

If. 6 d, 

York Poetry Books, 3 Books, Paper covers, 
6 d, each ; cloth, Srf, each. 

Boll’s Poetry Books, In Seven Parts. Vih'.et 
id. each Part, paper covers ; or 41A cloth 
covers. 

Poetry for Upper Classes, Selected by 
E. A, Hhlps, If, 6 d. 


Select Educational Catalos^ue 

o 

RO ^dLe^^-con/inued 


lU^a Contimioiia Road era. Rovmd in 

CUiKlx. <)tl. tjacli. 

SuifctlfU /or S/antlani ///, 

I’liu Story of I’eicr Pan. 

The island tliai Hobbed up and Down, 
Tho Aiiveiiturcs of a Doukey. 

The Life of Columluis. 

Tlio Threo Midshipmen, 

/or Stafidard IK 
Alice in VVoriderland, 

The Water Habies, 

Parables from Nature, 

U nclo Tom’s Cabin, 

Uoliiiison Crusoe, 

Setlinrs in Canada, 

Ciiildren of the Nesv Forest, 

.Suitnik for Standard V, 

'I'om Urown's Schooldays, 

The Last of the Mohicans, 

Fcius on the b’iord, 

The Lillie Duke, 

Masierman Ready, 

Id ereward the Wake, 

^uitahh /or Standards VL and VI 1^ 
Oliver Twisl. 

TltiJ Tale of Two Cities, 

W^joilsiock, 

Ivrmlioc. 

liftmb's Talcs from Shakespeare, 


,olTo Reading Boolw and Litoratura 

ReaflorS, Strongly bound iu Cloth, Ulus-. 
uaUid, each. 

Sni fable /or Standard IIL 
Ailvciituvcs of a Donkey, 

Great Deeds in English History, 

Ciiiinin's (lerinan Tales, 

Aiulerhon’s Dianish Tales. 

(treat !''ttglisinti«n, 

(Itcitl Ivishmcn. 

Life of CoUimjais.^ 

The Three Midshipmen. 

,S'<i i table /or Standard I V, 

The Story of li.M.S, Pinafore, 

Great Scotsmen. 

Uncle Toni's Caliin, 

Swiss Family Robinson, 

Great Eiiglisbwomcn, 

Chihlven of tho New Forest. 

Seillurs in Canada, 

Mdgesvorlh'ii 'J ales, 

Tho Water Hal lies. 

Ihivables from Nature, 

Settlers at Home. 

for Standard V, 


Lyrical Poetry. 

'rlic Story of Little Nell, 
Mnsierman Ready. 
Gulliver's Travels, 
Roinnson Crusoe. 

Poor J ack. 

Tbo Arabian Nights,^ 

The Last of the Mobicans. 
Feats oil ilio Fiord. 

Tbo laitlo Duke, 
Heteward the Wake. 


BelTs Reading EooRa, 

Sn if ni/ejor Standards VI. and F/A , 

The Talisman , | Ivaulioe. 

VVoodsiock. I (Oliver Twist. 

The Vicar of Wakelield, 

Lamb’s Tales from Shakespeare, 

Sir Roger de Coverley, 

Deeds that Won the Empire. 

Six to Sixteen, | Fights for the 
The Last Days of Pompeii. 

The Tower of I^ondon. 

Esmond, 

The Fortunes of Nigel. 

A Westward Ho 1 
Harold, 

The Last of the Barons, 

Bell’ a Snpplomontary Readers. C*-ovr* 

8vo. Illustrated. Limp Cloth. net 

Suit able /or Standards IIL and I {r\ 

Anderson’s Danish Tales, 

Great Deeds in English History 
Grimm’s Tales. 

Adventures of a Donkey, 

Orctit Englishmen, 

Life of Columbus. 

Suitable/or Standards IV, and fT 
Parables from Nature. 

Uncle Tom's Cabin. 

Great Englishwomen. 

Suitable /or Standards V. and V/ 

Ma.sterman Ready. 

Robinson Crusoe. 

Children of the New Forest. 

Suf table /or Standards VI. and 
The TalLman. I Ivanhoe. 

Oliver Twist, | Woodstock. 

BelTa Qoographical Readers, Hy M. j» 

Bariunoton-Ward, M.A. 

The Child's Geography, lUuslratu <.1^ 67 , 

The Round World. (Standard 11 - > u. 
About England. (Stand. 111 .) lUus- x j-,. 

Tho Oaro of Babies, A Reudinjg iioot 

for Girls' Schools, illustrated. ClutU^ rj. 

BoU’B History Readers on tlie Con* 
centrio Metliod, Fully Illusir.'ueU- 
First Lessons in English History. 

A Junior History of England, ix- 
A Senior History of England, aj. 

Abbey History Readers. Revised by the 
Rt, Kev. F, A.GASQUiiT, D.D. lllu£^s.ra.ted. 
Early English History (to io66). t jr. 

Stories from English History (io6a-*485). 

li, 3«/, 

The Tudor Period (1485*1603). u. 3c^. 

The Stuart Period (1603-1714). 6^. 

The Hanoverian Period (t? 4- * ® 37 )* 
ts. td. 

BoH’b Hiatory Readera. liUisirn.t« d. 

Early English History (to 1066}. i j. 
Stones from English History (roS-^ -uSSJ- 

IS. 3//, - 

The Tudor Period (1485-1603), i x - 
The Stuart Period (i6o3-17I4)- 

The Hanoverian Period (171 4-iS37>- ax. 
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MODERN LANGUAGES 


French and G-erman Class Books 


BelVfl Fronoh Course, By R, P. ArtiEnTON, 
M.A, Illiistrnted. a Parts, is, tti, each, 
Key lo the ICxercises, Part L, 6d. not ; 
Part ll., Tj, net, 

Boll’s First Fronoh Reader* By R. P, 

Atherton, M.A. Illustrated, uf. 

Tho Direct Method of Teaching French. 

By D. MACKAY,M.A.,and F.J.CoiiTis,Pjj.D. 
First Fronoh Booh. w. net. 

Second Fronoh Boole, u. 6d, net. 
Toaoher'a Haiidhook, net* 

Subject Wall Picture (Coloured). 7J. ed. 
net. 

Bell’a French Plcture-Card«. Edited by 
H. N, Adair, M.A, Two Sets of Sixteen 
Cards. Printed in Colours, with question^ 
naire on the back of each. ^ is» 3 ^* net each. 
Set III, Each card containing 3 Pictures, 
Yocabiilary, v^c. ix, 6 /f. per sot. 

Boll’s Illustrated Fronoh Readore. 

Pott Svo. Fully Ilhistratcd* 

*** B'tfli List m application^ 

French Historical Reader* By II. N. 
Adair, M.A, New Composition Supple* 
ment, as. \ or without .Supplement, s<r, 6d. 
Supplement separately, 6<f, net. 
flimplQ Frenoh Stories* By Marc Ceppi. 
Fenp, 8 vo, With or without Vocalnilary and 
Notes* IS, 

Ooutes Fraucais* Edited, with Introduc* 
tion aiul Notes, by Masc Ceppi, With or 
withoiit Vocnbulary, is, 6d, Handbook of 
Exercises and Questionnaires, 6d, 

Talcs from Moli6i'C, By Marc Ceppi, 
Fcap. 8vo. With Vocabularyand Notes, as. 
Text only, 15 . 6d, 

A Fronoli Dramatic Rentier. By Mark 
Ceppi. With Notes. Fcap. Bvo, is. 6d, 

Contes d’Hior ot d’AuJoura'lnii, iHrst 

Scries. By J. S. Nckman, M.A,, .and 
Charles RoderT‘Dumas. Illustrated, is.6d. 
.Second Scries, as. 

lo Francaifl do Franco. By Madame 
Valette Vernet. With Illustrations, as, 
arammalro Fiatiquo. Pour “Lo Fran- 
cals do France," By Madamo Vauette 
Vkrnet. icxA 

The ‘ Mao Mwnn’ Differential Partner- 
ship Method of Fronoh ConvorBatlon, 
The Things About Us, and a Few Others, 
a vols, 8 (f. each. 

Stories and Anecdotes for Translation 
into French. By Carl Heath, is. 
Frenoh Sentence Expansion, By M. 

Cepj-i and H. Baymknt. is. 


Fronoh Composition, By M, iCimNrDy* 
M.A* Cloth, Bd, 

A Prlmor of Prnotioo on the Four 
Frenoh Conjugations, By H. M, 
Arthur. 6d. 

Vooabulairo Frangais, French Voenb. 

ulnrics (ot Repetition. By J. lb R. Mael 
chal. is. 6d. 

Case’s French Oouvso 
First Frenoh Book* 

Second French Book, is. 6d. 

Key to First and Second Frenoh 
Books, IS. 6d, net, 

Fronoh Fables for Boginuors* is. 
Hlstoires Amusantes ot Instniotl ves, u. 
Practical Guido to Modern Fronoh 
Oonvoraatlon. is. 

Frenoh Pootry for the Young. With 

Notc.s, IS. 

Materials for Fronoh Prose Cora- 
position, v. Key, as, net. 

Prosatours Goiitomporains. as. 

Lo Petit Oompagnon ; n Frcncli Talk-Book 
for Little Children, ts. 

By the Rev. A. 0 . Olapln 
Frenoh Grainmax for Publlo SohooM. 

as. 6d. Key. 3 s. 6d, net, 

A French Primer, is. 

Prlmor of French Philology, is. 

English Passages for Translation into 
Fronoh. as. 6d* Koy, 41 . net. 

A German Grammar for Publlo Bohools* 

as. 6d, 

A Spanish Prlmor. is* 


Boll’s First German Oourso, By L. B. 

ClIAPFEY, M.A. as. 

Boll’s First Gorman Roador. By L. B. T* 

CiiAFFKV, M.A. llluRlrated. as. 

Gonnan Historical Reader. By j. E. 

M ALLIN, M.A. 2S. 

Budclenbroolc : Ein Sohultag oinoa- 
Roaluntorsekimdaners. Kditcd by 

J, E. M ALLIN, M.A. Ilhisir.Ttctl. as. 6d. 

Materials for German Prose Com- 
position, By Br. C. A. Buchhbim. 4 s. 6d, 
A Koy to Parts I. ami 11., 3 s. net, PartJ 
III, and IV., 4 s, not. 

First Book of Gonnan Prose, Being 
Parts I, and II, of tho above, wIlS 
Vocabulary, is. 6d. 

Kurzer loitfaden dor Doutsohen Dioh- 
tnng. By A. E. Cop. as. 6d. 


Gasc’s Frencli Dictionaries 

FRENOH-EirGI.lSn AND ENGLISH-FRENOH DIOTIONAUY. Nw Edition with Stip- 
plement of New Words. Large Bvo. las. 6d. 

CONOIBE FRENOH DICTIONARY. 


Pocket Diet onary of tho Fronoh and 
English Languages, i6mo. as. 6^. 


Medium i 6 mo* 3 s, 6d. Or in Two Parts, as, each. 


Little Gem French Dictionary, Navrotv 

Svo, IS, net. Limp Leather, as, net 


Select Educational Catalogue 


IPrencli and Gorman Annotated Editions 


BelVe Froiioll Plfl'YB. (Rased on Gomberts 

French Drama.) Indited by Marc Cepi'I. 

Paper, ^d. \ cloth, 

First Volumes i 

Moll^ro, TattuffeV— L'Avarc. — Le 

Misanthrope. 

Haoluo. liCS Plaideurs. 

Voltalro. SJaire. 

aomouio. I-e Cut. 

Potato ort’fl French Drama. Re-ediied, 

with Notes, by l'\ E. A, Galc. Sewed, 

6d» each. 

MoHArO. Lo MisajUhropo.“-L'Avnre. — Lo 
Ponuceois Clcntllhomme.— Lc TarUiffe.— 
1*0 Llalado Imnginaive,— Lea Femmes 
S aval ites.~ Lea Fourhories dc Scapin.— 
Lea Pricimisos Rldtcnlcs.— L’Ecole dcs 
Femntes. — L’Ecolo dcaMaris.-'Lc Midccin 
Malgr4 Iah. 

Raclnet La Thdbatdc.— Les Plaideurs.— 
Inhigiide. Uritannicus, — Phcdic, — 
iSsilicr.— Allialie. 

Comoille. Lo Cid,— -Horace. — Cinna,— 
PolyinJCtc, 

Voltaire, Kahe. 

d 


La POtttaiue. Select Fnbtcs. Dv K ir a 
Gasc, If. 6d, ^ #1.. 

Laniartinp. Le Taillcurde Pierres de 
Point. By J. Boiellu, B.-is-L. rr. 6.7. 

galntlno* Pkcioia, py Dufvc. 

TS^ On, 

Voltaire, Charles XU. By U Dipav. 

zs> 6a, 


Garraaia firom UUlana, aootUo, 

and BohlUer. By c. L. Bmi",™: 

IX. Oat 

QOBtllB. Hermann und DorotbcA. IK- EU 
Bkia, M.A. , and E. Wolfrl. is. 6d, * 

LeSBing. Minna voti Barnhelin. By Fmt 
A, B. Nic«oi.s. sr. 6£f. 

SoUiller, Wallenstein. By Dr. 

Rt, Or the Lager and Piocolomini. sr. 6d. 
Wallen stem's Tod, ar. 6 d, 

Maid of Orleans. By Dr. W, Waghbil. 

tA 6d. 

Maria Stuart. By V, K.aSti,'Rr. u. Q.JL 


Bell’s Modern Translations 


A Series of Translations from Modern Lar'vuages, wiUi Memoirs, IiiLroduciioiis, eta, 
Crown Svd, u. each, 


DSLtltO, Inferno. Translated by the Rev. 
H, F. Carv, M.A, 

Pnrgatorio. Translated by the Rev. 

U, F, Cary, M.A. 

ParadiKO, Translated by the Rev, H. F. 

Cahy, M.A. 

GOOthO. Kgmont. Translated by Anna 
Swan WICK. 

Ipldgenia in Tauris. Tr.anslatcd by Anna 

Swan WICK, ^ 

<;ocl7- von llerlicbingeii. Translated by 

Sir WAi/nni Scoi^r. , . , , „ 

Hiirmunn and Dorathca. Translated by 

It. A. BoWJUNti, C,1L 

HauD‘. Tlio Caravan. Translated by S. 

T'be Inn in ilio hpessart, Iraiislated by 

S. Mimuui.. 

tiOBtlhllf* Laokoon, Translated by E, Q, 

h'ihnm veil Untnhclm. Translated by 
Kukust M.A. 


IiBBSlllg. Nalhai. .he Wise. Ttan elated by 
R, DltLON Bovi.an, 

Moll^ro, Translated by C. Hiikon Waui— 

8 vob. The Misanthrope.— The Doctor in 
Spite of Himseir, — ^Tartuffe. — The Miser. — - 
l^a Shopkeeper turned Getnkrnaii-— The 
Affected Ladies. — ^The Learned Women. — 
The Impostures ol Sea pin. 

Racine. Translated by Bruce Boswes-I;, 
M.A. s Yols. Athalie. — Esiher. — Ipbi- 
gon ia. — Andr oiii ache. — 11 r iiann icu s. 

ScttttlGl'. William Tell. Tr.'inslated by Sir 
TtiuoDOUB Martin, K.,C. U., LL.D. ATfw 
Edition^ eniitely revised. 

The Maid of Otle.nns. Translated hy 

Anna Swan wick. 

Mary Stuart. Translated by J. MKtxrsH- 

Wallenstein's Camp and the riccolonilm* 

Translated by J. Churcjuil. and S. X, 
CoLiiRn>GB. 

The Death of Wallensrein. Taanslatcd 

by S. T. CoUKRiuGE. 


• • /<•<»■ 0fAtr Traitslalions frtm Modem Languages, set the Catalogue 0/ Bohn's 
Libraries^ which wiil lc forwarded on affhcaiwn. 
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SCIENCE AND TECHNOLOGY 

ih'iiiHed Ca(<{loy,tu sati on 


Klomeubaiy Ilotany. iiy Vvmcv 
M.A., r.li,S. Willi IlUuMialiviHr., 

Kloi ivouUivy Botiiny. By Vr. F, a-jiunkun, 

1 ‘11,11. nt. 

Kotuny iov flnlBiola luitl Oollogon, By 

G. K. A I’KiN'sn:.', UIumkihhI. .n. »;(/, net. 

pnuitliial Plant PhynUiloay. By Kinfi^ 
Kiiiriu.i', M.A, ( 'i«)wiMlv«>. fat, 

A Iifilioviitory Oourao in Plant Phyuio- 
By Bit. I >. jrj. M. ih i, 

Tlio Botanliit’n PoolcQt-Boolc, By \V, IL 
liAVWAnii. U^ivIsnUiy <P. c;. Diitjojt, ,\s.Cii. 
Au Tuti'otlnotlon to tho Study of tho 
OoinparaUvo Anatomy of Anlnmln. 
By {». C. Bnunmt, M.A». U.Sr:. Willi 
il1ii>iUiut>iri. 'Jt VoB)» 

Vol I. Aiuinu) ()i}'iihi^:iliaii. The Pni' 
I /oa iiinl ( IGlitinn. (lu 
v’iil. 1). 'I'ln; ( 'll limiaia. f>v. 
AlVIaumilor^ioolOKy. By Uiciiakd 
wic:. Br.inhlatnil hy Pitif. J, S. KlNdSMiV. 
niii<«liiaei1, i .’r, f>j(, iiel. 

IiHurioiiu and Uiiol’ul Iimootn. An iniro. 
ilitnion to tlio Siiuly oP IG^nuoiiiu; h^itfi* 
nioloi'y, Hy Biijf, !<. IJ, ftliAM,, I'MLS, 

Wiih If Ml nhi'itiatiiniii. '^fi, ftrl. 

Civil Horvlco Kxamliiation Paporn : 
OUomiHtry Hai)orHi Tlioorctloal and 
Praotical. Hv A, Nitw iow. u, 

A Plmt Yoai'*fl CoiiVBO of Ohomlstry, 

J AMits Sisin.Ain, II. Oft. 

All Introcluotloii to lly l), s. 

^^At SAlit, Pii.D.t It. Kir- jj. 


[ Eloinontary Inornanto aiiomintvy. Hr 
> l*n»r. .Iamics Wai.ki'h, i/, 

1 Iiitroiluotloii to Inoiaanlo Clnnnlntvy. 
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